This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
18 April 2002 (18.04.2002) 




PCT 



(10) International Publication Number 

wo 02/30964 A2 



(51) International Patent Classification^: 



C07K 14/00 



(21) International Application Number: PCT/USO 1/3 1931 

(22) International Filing Date: 10 October 2001 (10.10.2001) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

60/240,143 
60/256,409 
60/256,410 
60/299,452 
09/974,366 



10 October 2000 (10.10.2000) US 

18 December 2000 (18.12.2000) US 

18 December 2000 (18. 12.2000) US 

20 June 2001 (20.06.2001) US 

10 October 2001 (10.10.2001) US 



(71) Applicants and 

(72) Inventors: HICKMAN, Heather [US/US]; 700 NW 49th 
Street, Oklahoma City, OK 73118 (US). HILDEBRAND, 
William [US/US]; 900 Northcreek Drive, Edmond, OK 
73034 (US). 

(74) Agents: PALMER, John et al.; Ladas & Parry, 5670 
Wilshire Boulevard, Suite 2100, Los Angeles, CA 
90036-5679 (US). 



(81). Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK. DM, DZ, EC, EE, ES, FI, GB, GD, GE. GH, 
GM. HR, HU, ID, XL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV. MA, MD. MG, MK, MN, MW, 
MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, TZ. UA, UG, US, UZ, VN, YU, 
ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY. DE, DK, ES, FI, PR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI. CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: COMPARATIVE LIGAND MAPPING FROM MHC POSITIVE CELLS 



5UT 





Pqitide 




Exoii2 




Exon3 




Exon 4 





















< 

ON 
O 



li/ 



2^ PGR Ampliocm 



o 



(57) Abstract: The present invention relates generally to a methodology for the isolation, purification and identification of peptide 
ligands presented by MHC positive cells. In particular, the methodology of the present invention relates to the isolation, purification 
and identification of these peptide ligands from soluble class I and class II MHC molecules which may be uninfected, infected, 
or tumorgenic. The methodology of the present invention broadly allows for these peptide ligands and their comcomittant source 
proteins thereof to be identified and used as markers for infected versus uninfected cells and/or tumorgenic versus nontumorgenic 
cells with said identification being useful for marking or targeting a cell for therapeutic treatment or priming the immune response 
against infected cells. 
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COMPARATIVE LIGAND MAPPING FROM MHC POSITIVE CELLS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims the benefit of: provisional patent application 
U.S. Serial No. 60/240,143, filed October 10, 2000, entitled "C-TERMINAL 
EPITOPE TAGGING FACILITATES COiyiPARAtlVE QGAND MAPPING FROM MiHC 
CLASS I PpsmVE CELL?"; provisional jDatent application U.S. Serial No. 
60/299-45?; filed June 20, .2001/ entitled: "HIV tPITOpE 

METHOD OF C-TERMINAL EPijOPE, TAGdlfSIG FOR, COMPARATIVE QGAND 
MAPPING FROM MHC CLASS I POSITiyE CELLS";..proyisional patent application 
U,S. Serial No. 60/256,410,. filed Decenfiber 18, 2000, entitled "HLA 
PRODUCtiON FROM GENOMIC DNA"; provisional patent application U.S. Serial 
No. 60/256,409, entitled ^'HLA PRODUQION FROM cDNA" filed December 1,8, 
.2000; and provisional patent application U.S: Serial ivio. not. yet assigned/ 
entitled "PRODUCTION OF .SOLUBLE HUMAN HIA CLASS I PRpTEINS FROM 
GENOMIC DNA" filed October 9, 2001 all of which are expressly incorporated 
heHeiti by reference. ■ 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT- 

This work Was funded In part by a cpptract from the National Ibstitti.tes 
of. . Health : Contract , ; :nuitiber NOI-AI-95360 '.' entitled "Mai3ping| ' and 
Characterization of. Viral Epitopes". As, such, the; Government may own 
certain rights In and to this applicatibnv 
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BACKGROUND OF THE INVENTION 
1. Field of the Invention 

the present invention relates generally to a methodology for the 
isolation; puriricatlbn and. identification of peptide ligahds presented by MHC 
positive cells. In particular, the methodology of .the present in vention relates 
to the isolation, j3urlficatipn and idehtiflGatfon of these peptide ligahds from 
so.luble class I aihd class 11 MHC molecules which rnay be uninfected^ infected, 
or tunriorigenic.' The methodology of the present invention broadly allows for 
these peptide ligands and their concomitant source proteins thereof to be 
identified and used as markers for infected versus uninfected cells and/or 
tumbrigenic yersuis nontumorigehic cells with said identification being useful 
for marking or targeting . a ,ce[l for therapeutic treatment or priming the 
Immune; response against infected ceils. 

2. Description of ti;ie Background Art 

Class I major histocbmpatibility complex (MHC) rnplecules, designated 
HLA class I in humansV'bind and dispjay peptide ahtlgen ligands. upon the celj 
surface. The peptide antigen ligands preisenfed by the class I MHC molecule 
ar^ deriyed from either - normal Endogenous proteins; - Cselr) or foreign 
proteins c;nbnserf'0 introduced Nonself proteins . may be 

products of malignant transforrnation - or intracellular pathogens such as. 
(Viruses. In this manner/ class I MHC mplecule^^^ regarding 
the internal fitness of a celj to jmm^ but nbt limited 

to, CPS"^ cytotpxic T lymphoe^^^ (eTli)> vyhich are^^^ interaction^ 
with ''nqhself^ p.^ptides, thereby ly^ing or/^K^ presenting such / 
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"nonself" peptides. 

Class II MHC molecules, cJesfgnated HLA class II in. humans, also bind 
..arid display peptide antigen ligands upon the celJ surface. Unlikie class I MHC 
; molecules which are expressed on.virfually all nucleated cells', class II MHC 
molecules are normally confined to specialized tells, such as B lyrnphocytes, 
macrophages, dendritic ceills, and other antigen presenting cells which take 
up foreign antigens from the extracellular fluid via an eridocytic pathway. The 
peptides they bind and present are derived from extracellular foreign 
antigens, such as products of bacteria that multiply outside .of cells, wherein 
such products include protein toxins sf.ecreted by the biacteria that often times 
have deleterious and even let^ effects on* the host (e.g. human). In this 
manner, class II molecules convey information regarding the fitnesis of the 
.^xtracellular space in the vicinity of the cell displaying tbexlass H m 
to 'immune, effector ceils, including but hot limited to, CD4+ helper T cells, 
thereby heljDing to eliminate such pathogens the examination of such; 
pathogens is accomplished by both helping B cells make antibod^^^ against 
microbes, as :well as tox niicrobes/ arid by aGtfvatin^^ 

nriacrophagies to destroy ingested microbes. , ' .. \ ' 

Class' I and class 11 HLA molecules exhibit extensive polymorph 
generated by systematic reconibinatorial and point mutatibh events; as such, 
hundreds of different HLA types exist throughout the wpHd's pbb.ulatiori, 
resulting in a large immunological diversity. Such extensive HLA diversity 
throughout -the population , results in tissue or orgjian Warispiant rejection 
between iridividuais as^ as differing' susceptibiHties .ahd^^^ to 
jnfectipus^ . HLA mplecules also^; c^ to 
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autoimmunity and cancer. Because HLA molecules mediate most/ If npt all, 
adaptive Immune responses, large quantities of pure isolated HLA proteins 
are required in order to effectively study transplantation, autoinimunity 
disorders, and for vaccine development. 

There are several applications in which jpurifled, Individuardass I and 
class II MHC proteins are highly useful. Such applications include using MHC- 
peptide multim^rs . as innrnunodiagnbstlc . reagents ' for disease 
resistance/autolmmunity; assessing the bindirig of potentially therapeutic 
peptides; elution of peptides from MHC nriblecules to identify, vaccine 
candidates; screening transplant patients for. preformed MHC specific 
antibodies; and renrioval of ahti-HLA antibodies from a patient. Since every 
individual has differing MHG molecules;, the testing of numerous individual 
MHG molecules is a prerequlisite for understanding the differences in disease 
susceptibility between individuals. Therefore, purified MHC molecules 
representative of the hundreds of different HLA types existing throughout the 
world's population are highly desirable for unrayelirig: disease susceptibilities 
anc| resistances; as well a^ for deslghlhg the^^ such as vaccines. . 

Class I HLA molecules alert the immune response to disorders within 
host cells, Peptides, which are derived from viral- and tumor-speciflc.proteins 
within the cell, are loaded into the clas;s I molecule's antigeri binding groove 
in the endoplasmic reticulum of the cell and subsequently carried to the cell 
surface./ Once the class rHUV nnplecule and its loaded p^^^^ ligand. are on 
the cell surface/ the class I molecule and Its peptide ligahd are accessible to 
cytqtpxlc T lymphocytes (CTL), GTL survey , the peptides presehted; by the 
class ; I mblecuie and destroy those cells. h3 figands dieriyed from 
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infectious or neoplastic agents within that cell. . 

While specific CTL targets have been identified^ Httie is known- about 
the breadth and .nature of ligands. presented on the surface of a diseased cell. 
From a basic science perspective, many, outstanding questions have 
permeated through the art regarding peptide exhibition.' For instance, it has 
been demonstrated that a virus can preferentially block expression of HLA 
cjass I molecules from .9 given locus; while leaving expression at other loci . 
intact. . Similarly, there are numerous reports of cancerous celis that fail to 
express class I HLA at particular loci. However, there are no data describirig 
how (or if) the three classicai HLA cla5S I loci differ in the immunoregulatbry; 
ligands they bind. It is therefore unclear how class I molecules from the 
different loci vary in their interaction with viral- and tumor-derived ligands 
and the number of peptides each will present., 

Discerning virus- and tumor-specific ligands for CTL recognition is an. 
inriportant component of vaccine, design. Ligands unique to tunioHgenic or 
infected cells c^h b^ tested ahd incorporatied into vaccines designed to evoke 
ja prote^btiy^^ methodologies are currently employed to 

^Identify poteintially p One approach uses T cell lines 

or clones tp screen for biologically active liigahds among chrorinatographic 
fractions of eluted peptides. ; (Cox et al./ Science, .v6l 264, 1994, pages 716- 
719, which is; ,6^ in its entirety) This 

approach ' has been: employed: - to Jdentijhj/ peptides liga^ specific to 
cancerous cells. A -second techh^^ identify, 
peptides : capable bf binding Tto . a particular dass i rmolecul^ based upon 
previously - determined^ m (De Groot 
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et al.. Emerging Infectipus Diseases, (7)' 4, 2001, whicii Is expressly 
incorporated lierein by . reference in its entirety) Peptides having high 
predicted probability of binding from a pathogen of interest can then be. 
synthesized and tested for T ciell reactivity in precursor,: tetramer or ELISpot 
iassays. 

Howeveir, there has been no readily available source of individual HLA 
mplecules/ The quantities -^o^^ available have beien small and 

typically consist of a mixture of different HLa jmolecules. Production of HLA 
nriolecules traditionally Involves growth and lysis of cells expressing multiple 
HLA molecules: Ninety percent of the population is heterozygous at each of 
the HLA ioci; coddminant expression results in r multiple HLA protesins 
expressed at each HLA locus, to purify native class I or class II nrjolecuies 
from mammalian cells requires time-consuming and cumbersome purification 
methods, and since each cell typically expresses multiple surface-bou^ HLA 
. class I or Glass II nnoiecules, HlJ\ purification results in a mixture oiF many 
different HLA class I or class II molecules. When perfornriing experiments 
using such a mixture; p perforrriihg experinnents using a cell - 

-havihg;multiple surface-bound.HLA moiecules, interpretatidn of resulte canno^^ 
c//rect// distinguish bet^ hLa molecules, and one can not be 

certain that any particular HLA. molecule is responsible for a .given result. 
Thereifore, a need exist<ed in the. art for a- rnethod of produdng substantial 
quantities of indrViduar HLA class I or class 11 molecules so that they can be 
readily purified and isoiate^^^^^^ of pthef H class 11 

molecules. Such individual .HLA mo^^^^^^ when provided in sufficiie^ 
quantity and purity, would prbvide a arid nrieasuring . 



SUBSTITUTE SHEET (RULE 26) 



wo 02/30964 



7 



PCT/IISOl/31931 



' [mmune responses. 

Therefore, there exists a need in the art for innproved methods of 
epitope discovery and comparative ligand mapping for class I and class II 
MHC molecules, including .rinethodis of distinguishing, an Infected/tumor cell 
from an uninfected/non-tumor cell. The present invention solves this need 
by coupling the production of soluble HLA .molecules with an epitope 
isolation, discovery, and direct comparison methodology. 

BRIEF DESGRIPtlON OF THE DRAWINGS 

FIG. i: Overview of 2 stage PGR strategy to anriplify a truncated version 
of the human class I MHC. 

FIG. 2, Edman sequence/analysis of soluble B*l 501, B*1501-HIS arid ' 
- B*150I-FLAG,; Residue intensity was ;categorized>as either donhinaht (3,5- 
fold or more picomol^r Increase over previous round) or strong (2.5 to 3.5-foid 
increase over prior roundy, 

FIG. 3. Representative MS ion; maps fr^^^^ B*1501, B*1501-HIS 

and' B*1501-FI^G illustrating ion overlap beib/veen the moiecules. Pooled, 
acidi-e!uted, peptides were fractionated /by RP-HPLC, and the individual 
: fractions were MS sciahned. 

FIG. 4. Fragmentation pattern g^ by MS/MS on an ion selected 

rrom fraction 11 of B*1501, B^lSOl-HIS; and B*1501-FLAG peptides 
iilustrabng/a sequence-level overlap between. the three molecules. \ 

FIG. '5. Flow chart of the epitope discovery of C-termiriai-tagged sHj^ . 
rnolecule$. : dass I positive trahsfectahts are. infect!sd with a pathbgen of 
choice iand: sHLA. preferentially purified utilizing, t ^'SLibtratctlve 
eompanson of MSMon maps yields ions/present only in infected, cell, whicH are 
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then MS/MS sequenced to derlvje class I epitopes. 

FIG, 6: MS ion. map from .soluble B*070i2 SupTl cells uninfected and . 
infected with HIV.MN-1. Pooled, acid-eluted peptides were fractionated by 
RP-hipLC/ and fraction #30 was MS scanned. 

FIG. 7. MS Ion map similar to FIG. 6 but zoomed in oh the area from 
482-488 amu tQ more clearly Identify all Ions In the immediate area. 

7 FiG.. 8. Fragnrientatlon pattern generated by tandern rnass spectrometry 
of the peptide ion 484.72 isolated from infected soluble B=*^0762 Suptl cells. 

FIG. 9- Results of a PubMed BLAST search with the sequence . 
GPRTAALGLL identified m FIG.. 8. 

FIG. iO. SunimaiV of Results of Entrez-PubMed search for the. word 
"reticulocalbin". 

. FIG. : 11.1 Results of a peptide-biniding: algorithm perforrhed using 
Parker's Prediction Lisfrig the entire source protein^ reticulbcalbin; which 
generates a list of peptides which are bound by the B*0702 HLA allele. 

FIG. 12. Results of a peptide-binding algprithm performed using 
Rammensee;s ^YPEITHI , Prediction using - the. . entire source . protein, 
reticulocalblh/ which general a list' of peptides; w^ bound by the 

B*0702 HLA allele. : 

FIG. 13- Results of a predicted prpteasomai cleayage of the complete 
reticulocalblri: protein uising the cleavage predlctbr PaPrpC. 

FIG. 14. - Results of a predicted proteaspmal cleavage of the comple:te 
retlculocaibin protein using the cleavage p INietCHdp 2.0. 

FIG. IS. Several hiig^^ afTjhity peptides deriving ^fr^ 
identified as peptides predicted t be presented by HLA-A*02bl and A*0101. 
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FIG. 16. MS Ion maps from soluble B*0702 uninfected SupTl cells of 
fractions 29 and 31 to deterrhine that ion 484.72 was not present 

FIG. 17. Fragmentation patterns of soluble 6*0702 uninfected. SupTl 
cells fraction 30 ion 484.72 under, identical- MS collision conditions to illustrate 
, the absence of the reticulbcalbin peptide in the uninfected cells. - ; 

FIG. 18. Comparison of the MS/MS fragnrientatlon patterns of synthetic 
peptide CPRTAALGLL and peptide ion 484-72 isolated fronfi infected soluble 
6*0702 SupTl cells. 

DETAILED DESCRIPTIQN OF THE INVENTION 

Before explaining at least one embodiment of the invention in detail by 
way of exemplary drawings, experimentation, res^ and laboratory 
procedures, it is to be understood that the invention is not limited; In its 
application to the details of construction and, the arrangement of the 
components set forth in the following d.escriptioh- or illustrated in ' the 
drawings, experimentation and/or results. The invention is capable of other 
embodiments or of being practiced , or carried put in Various ways. As such, 
the language used herein is intended to be given the broadest, ppss 
and meaning; arid the embodiments^ are meant to be ^Sxehiplary - not 
^exhaustive. Also, it is to be understood that the phraseblbgy and 
terminology ehnplpyed herein is for the pufpose:of description and should hot 
fae regarded as limiting.' 

The present Invention generally relates to a rhethbd of epitope 
discovery arid cbmparative . ligand -mapping as ; well as methods of 
distinguishing infected/tumor cfells 'from uriinfected/non-turi^ cells, Th^ 
present method broadly includes the following steps: (1) providing a cell jine 
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containing a construct that encodes an individual soliible class I or class II 
:MHC molecule (wherein the cell line is capable of naturally processing self or 
nonself proteins into peptide ligands capable of being loaded . into the antigen 
binding grooves of the class I or class II MHC moieculeis;); (2) culturing the 
cell line under conditions which allow.for. expression of the individual soluble 
class I or class 11 MHC molecule from the construct/ with such conditions also 
allowing for the endogenous loading of a peptlde ligand (from the self or nori- 
self processed plroteln) into the antigen binding groove of each individual ' 
soluble class I or class II MHC molecule prior to secretion of the soluble class 
I or class II MHC molecules having the peptide jigahds bound thereto; arid (4) 
separating the peptide ligands froni the individual soluble class I or class II 
MHC molecules. 

The methods pr the present invention may/ in one embodiment/ utilize 
a method of producing MHC molecules (fronri genomic DNA br cDNA) that are 
secreted from rnammalian cfelis In a bioreactor unit:- Substantial, quantities 
of individual MHC moiecul^^ are obtained by iriodifyirig class I or class II MHC 
nriolecules so that they are capable of being secre^^ isolated> and purified: - 
Secretipn'bf soluble MHC molecules overcomes. the disadvantages and/defects 
pf .the prior art in relation to the quantity and purity of MHC molecules 
produced. Problems of quantity are overcbme,' because the cells producing the 
MHC db riot need to be detergent:iysed or kflled In order to obtain the MHC 
■ molecul^. In this way the cells producing sedreted MHC remain aliVe and 
therefore continue to produce MHC. Problems; of purity are bverGome because 
the-only MtlC m^^ secreted from the cell is that has.specifidj^lly 

been constructed to be secreted. Thu^^^ transfettlon of vectors encoding such 
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secreted MHC molecules; Into cells which may express endogenous, surface 
bound MHC provides a method of obtaining a highly concentrated form of the 
. transfected MHC molecule as it is secreted from the cells. Greater purity is 
'.assured by transfecting the secreted MHC molecule- Into MHC deficient cell 
'■ lines; " - ' * • . *'■.*. ^ - 

Productidn of the MHC molecules In a hoHoW fiber bipreactor unit allows 
cells to be cultured at a density substantially greater than conventional liquid 
phase tissue culture permits. Dense culturing of cells secreting MHC 
molecules further amplifies tine abijity to contlnuousiy, harvest the transfected 
MHC molecules. Dense bipreactor cultures of MHC isecreting cell lines allow 
for high concentrations -of individual MHC proteins to be obtained. Highly 
concentrated individual MHC proteins provide an advantage , in that most 
downstream 7 protein purification strategies perform . , bietter as the. 
concentration of the protein to be purified increases. T^ius, the culturing of 
MHC secreting cells in bioreactors allows for a continuous production of 
individual MHC proteins in a concentrated for^^^ > \[ : 

The method of product 
invention begins by obtainingj genomic or conripiementary PNA which encodes 
the desired MHC class I or class 11 molecule. Alleles at the locus which 
encode tfje desired MHC molecule are PCR amplified in a locus; specific 
manner- , Thesie locus specific PCR products rriay inciude the entire cod 
\regibnvof : the • MHC iriplecule. or a portion thereof, in; onei enmbbdimeht a 
nested or, berni-nested PCR is applied to produce a truncated forni of thei 
class I or class II gen^ s;o that it will be secreted ratiier than bnchor^^ to the 
cell surface; In another em th<s MHC 
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molecule. ... 

Locus specific PGR products are doned into a. mammalian expression 
vector and screened with a variety of^methods to identify a clone encoding 
the desired MHC molecule. The cloned MHC molecules are dNA sequenced to 
insure fidelity of the PGR. Faithful truncated clones pf. the desired MHC. 
rtiolecule are then transfected into a mammalian cell line. When such cell 
line is transfected with a vector encoding a recombinant class I molecule, . 
such cell line may either, lack endogenous class I MHG molecule, expi-esslon 
or express endogenous class; L MHC molecules. One of ordinary skill of the 
art would pdte- the importance, given the present invention, that cells 
expressing, endogenous class I MHC molecules may spoht release 
MHC into solution upon natural cell death. In cases where this small amount 
of spontaneously released- MHC is a* concern, the transfected .class j MHC ; 
molecule can be -'tagged" subh that it can.be specificaNy purifie^^^ 
spphtaneously released endogenous class .1 molecules in cells that express 
class I molecules. . For exam a DNA fragment encoding a HtS tail rhay be 
■attached to the: protein by the PGR reaction br may be-eneodjed by the yert^ 
into which the PGR fragnient is cloned, and such HIS bil, therefore, furt^ 
aids in the purification pf the class I MHC molecules away from endogenous 
clas^ I molecules. Tags beside a histldirie tail have also been demohstrated 
to ; Work, and one of ordinary iskril in the, art of fagging proteins for 
dbWnstreiarTi purification would appreciate and know: how to tag a; MHC 
nnolecule in such a manner so as to increase the ease by whijch the MHC 
molecule nriay be purified. 

. Cloned genonriic DNA fragnniehts contain botli iexpns and lntt;ohs as well 
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as Other non-translated regions, at the 5' and 3' termini of the gene. Following 
transfection into a cell line yvhich transcribes the genomic DNA (gDNA) into 
RNA, cloned genomic DNA. results in a protein product thereby removing 
introns and splicing the RIVIA to form messenger RNA (mRNA)/ which is. then 
translated Into an MHC protein. ; Transfection of MHC nnplecules.e^^^ by 
gDNA therefore facilitates reiisolatioh of the gDNA, mRNA/cDNA, and protein. 
Production of MHC molecules in non-mammalian cell lines such asjnsect and 
bacterial cells requires cDNA clones, as these lower cell types do not have 
the ability to splice introns out of RNA transcribed from a gDNA clone.: In 
these instances the mamnnali.an gDNA trgnsfeciants of the present inventiipri 
provide a valuable source of RNA which can be reverse* transcribed to form 
I^HC cDNA. The cDNA can then be 'cloned, transferred into ^-te^^ then 
translated into protein; In addition to piroducing secreted MHC, such gDNA . 
transfectants therefore provide. a ready source of mRNA, and therefore cDNA 
clones, vyhlch can then be: .trahsfected into non-mammalian- cells for 
production of MHC. Thus, the present invention which, starts with MHC. 

^ genomic DNA clone^ allows for the production of MHC. in: cells frpni various 

species. 

, ; A key advantage of starting 'from. gDNA/ is; that viable cells coritainlrig 
the MHC molecule of interest are riot needed: Since all individuals in the / 
populatiori have a different MHC r;epertbVe^ need to search more 

^than 5b6;o6o individuals to find sorTnebhe with the same MHC complement as ' 
a desired -individ^^ such a practica) exam^^^^ this principle Is observed 
when trying to \flnd a donor a; recipient for . bone " marrow 

trahspiantation.; T^ if it is desired to product 'a particular MriC moJecule 
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tor use in an experiment or diagnostic, a person, or cell, expressing the MHC 
allele of interest would first need to be identified. Aiternatively, in the 
niethod of the present invention, only a saliva sample/ a hair root/ an old 
freezer sample, or jess than a milliliter (0.2 ml) of bipod would be required, 
to Isolate the gDNA, ; Then, starting fronri gDNA, the MHC molecule of interest 
could be obtained via a gDNA cione as described herein, and following 
. transfection of such clone Into mammallap cells, the desired protein could be 
produced directly in mammalian cells.or from cDNA in several species of cells 
using the methods of the present Invention described her'eln. ..... 

Current experinients to obtain an MHC . allele for protein expression 
typicaily start from mRNA, which retjuires a fresh sample of mamnialian cells 
that express the MHC molecule of • interest. Working from gDNA does not 
require gene expression or a fresh biolpgipal sample. It.ls also important to 
note that RNA is' inherently unstable and is not as easily obtained as Is 
gDNA. Therefore, if production of a particular MHC hiolecule starting from a 
cDNA clone lis desired, a person or cell line that is. expressing the allele of 
interest rnu^st traditionally first. be identified in order 1^^^^^ Then a . 

fresh sannple of blood or cells must- be obtained; experiments using the 
methodology of 'the present inyention show that >5 milliliters of blood that 
is.jess than S days oW is rejquired to obtain sufficient RNA for MHC cDNA 
Synthesis. Thus; by starting with gDNA> the breadth of MHC molecules that 
can be readily! produced js expanded, this is a; key factor in a systehn as 
polymorphic as .the MHC,-systenri; hundreds 6rMHC"m not 
all MHC nriolecuies^ are readily :available.: :Thrs is especially? true of I^IHC: 
molecules -unique to isolated populations . or of; MHG, rnolecules unique .to .. 
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ethnic minorities. Starting class ! or class II MHC mqleeule expression fronri 
the point of genomic Dj^A simplifies the isolation of the glsne of interest and 
insures a more equitable means, ofproducing MHC molecules for study; 
otherwise, one would be left to determine whose MHC /molecules are chosen 
and not chosen for study, as Well as to determine which ethnic population 
from which fresh samples cannot b<e obtained and therefore should not have 
their .MHC moleculeisjnciuded in a diagnostic assay ^ 

While cblMA ;may \ be substituted for genomic DNA as the starting 
material/ production qf cDNA for each of the desired HLA. class I types will 
require hundreds of diiFferent; HLA typed, viable cell lines, each expressing a 
different HLA class I type. .Alternatively, fresh samples are required from, 
individuals with the various desired MHC types. .* The use of genomic priJA as 
the starting nriaterial ' allows - for the prod^ many HLA 

moleculiss from a single genomic DNA seqiience, as the ampllficabon proce^^^ 
can be manipulated to mirnic recombihiatorial and gene conversion .events. 
Several mutagenesis strategies, exist .whereby a given class 1 gDNA clone 
could be mpdifi at^ither the levjel of/gbNA or at the cDNA resulting froni/ 
thi$ gDNA' clone. The process of producing MHC molecules utilized in the 
present invention does not require viable cells, and therefore the degradation 
which plagues RNA is not a prq^^^ - . : ; :/ , 

: ■ Tfie soluble class I MHG- proteins produced by the method ^d^ 
herein is utilized in the. metbo'ds of epitope^discovery 'dn^ tohriparative ligand 
mapping of the present inveintioh, : The methods of 'epitope discovery and 
comparative ligand niappihg de^^^^^^^ which utiliza^seci-eted individual ■ 

MHC pdlecules have several: advanteges over the pri6r 'art, Vhich utilized 
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MHC from cells expressing multiple membrane-bound MHCs. While the prior 
art nriethod could distinguish If an epitope was presented on the surface of 
a cell, this prior art method is unable to directly distinguish in which specific 
MHC moiecuje the peptide epitope was bound. Lengthy purification processes 
■ might be used to try ,and obtain a single MHC molecule, but doing so limits 
the quantity and usefulness of the protein QbtainedV . The novelty and 
.flexibility of the current invenU^ is. that individual MHC specificities can be 
utilized in suffiderit quantity through the ^.u^ sbluble MHC 

proteiris. 

Class I and class II MHC mplecules are really a trimolecular complex 
consisting of an. alpha chain/ a beta chaihy and the alpha/beta chain's peptide, 
cargo (i.e. peptide ligand) which is -presented on the cell surface to Immune 
effector cells. Since it is the peptide cargo, and not the MHC alpha; and beta 
chains, which marks a cell as infected/ tumorigenic/ or diseased/ there is a ' 
great hee;d to iCJehtify and characterize the' peptide li^ahds bound by 
particular ;MHC mole^^ For^exannple, characterizatioh of such peptide ' 
lig^nds. greatly aids in deterhQinihg a person 

. with MHCTassociated diabetes differ from the peptides presented by the MHC . 
nniblecules associated with resistance to diabetes. As stated above, having 
a. sufficient: sup an Individual MHC molecule, and therefore that MHC 

molecule's bound provides a rneans for studying such diseases. 

Becaus^ the method of the present in ventibn provides quantities 
protein previously, uhobtainable, unparalleled studies of MHC molecules and 
their irhportaht peptide cargo.cran now be facilitated: ' 

therefore/ the present invention, is also related to methods df epitope 
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discovery and comparative Hgand mapping which can be utilized to 
distinguish infected/tumor ceils from uninfected/non-tiimor cells by unique 
epitopes presented by MHC molecules in the . disease or nonrdiseas^ state. 

Creation of sMLA molecules from genomic DNA (gDNA) 

. 1. Genomic, DNA Extraction. 200 |jl of sample either blood, plasma/ serum, 
: buffy coat, body fluid or up to 5x10^ lyniphpcytes in 200 |jl Phosphate 
buffered saline were used to extract (genomic DNA using the'QIAampj® DNA 
^iood Mini Kit blood and body fluid spin prptocoK Genomic DNA quality and 
quantity was assessed using optical density readlnigs at 260nm and 280n 
2.1 PCR Strategy. Prin^ for HLA-A, -B and --.C loci in order 

to amplify a truncated version of the.hunriah class I MHC usihg a 2 stage PGR 
krategy. The; first stage PGR uses a primer set that amplify from the 5' 
Untranslated region to Intron 4: This ampllcon is used as a. template forthe 
second PGR which results in a truncatecf version of the MHC Glass I gene by 
utilizing a 3' prinier that exon 4, the 5' primer remains the sam 

Qs the l^* PGR. An overview can In FIG, 1. The primers for each 

locus are listed in TABLE I. Different H^^^ 

with different restriction cut sites depending on the nucleotide sequence of 
.the allele:' Hence there are two 5' and tvyo 3' truncating primers for the -B 
loeus.'v 
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2.2 Primary PGR. Materials: An Eppendorf Gradient ivfastercycler fs used for 
all PGR. (1) HjOiDionized ultrafiltered water (DIUF) Fisher Scientific, W2- 
4,41. (2) PGR nucleotide rnix (10 m/^ each deoxyribonucleoside triphosphate 
[dNTP]), Boehringer Manheim, #1814,. 362. (3) lOX Pfx Amplification buffer, 
pH 9.Q, Gibco^RL®, part # 52806, formulation is proprietary information. (4) 
BOmM iyigSO-4, GibcoBRL®, part #52044. (5) Platinum® Pfx DNA Polymerase 
(8 Locus only), GibcoBRL®, 1 1708-013. (6) Pfu DNA Polymerase (A and C 
Locus), Promega, M7741. (7) Pfu DNA Polymerase lOx reaction .Bui=fer with 
MgS04, 20GnnMTris-HCL,pl4 8.8,10j0mM KCI, -100m/^ (NH4)2S.04, 20m/»7 MgSO4, 
Inhg/ml nuclease free BSA,1% Triton®X-lbO. (8) Amplification primers (in 
ng/pl) (see TABLE I): A locus: 5' sense PP5UTA (300); 3'antiserise PPI4A 
(300); B locus (Not B*39's): sense PP5UTB.(3pO); antisehse PPI4B (300)i B 
locus (B*39's): s^rtse 5UTB39 (300); antisense PiPI4B (300); G Locus .- sense 
5PKGE (300); antisehse PPI4C (30.0). (9) gDNA Template. . : 
2.3 Secondary PGR (also used for colony PGR).. ,(1) MzbrDiphized ultrafiitered 
water.(piUF) Fisher Scientific, W2-4i4.1. (2) PGR nucleotide rtiix (io rriA/ each 
d^pxyribonucleoside triphosphate [dNTP]), Boehrlnger.Manheim; #1814, 362. 
(3) Pfw dNA .Pbiymefase (A and C Locus); Promega, M7741. (4)/ P/i>' DNA. 
Pplynnerase IGx reaction Buffer with MgSD4/ 2p0my^. Tris-HGL,pH 8.8>i00mM 
KGI, ioOmA/ (NH4)2Sb4, 20m/vf MgS04, . img/ml nuclease free BSA,i% 
Tritpn®X-l00. (5), Amplificatioh pfimers.(in ng/pl); see TABLE I:: A-locus: 5' 
sense PP5UTA, (300), 3' , antisense PP3PE1 .(3o6)^ B-locus: sehsd PP5UTB 
(Spb), antisehse. PP3PEI (300); B-locu^: .sense. PP5UT (300)^ antisense 
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PP3PEIH (300); B-locus B39's: sense 5UTB39 (300), antisen^e PP3PEIH (300); 
C-locus: sense 5PKCE (300), antlsense PP3PEI (300); C-locus Cw*7's: sense 
;5PKCE (300)/antisense 3PEIHC7 (300). (6) Template 1 MOO dilution of the 
primary PGR product. 

2.4 Gel Punficatibn of PGR products and vectors. (1) Dark Reader 
Tansilluminator Model DR-45M> Clare Chemlcar Research. (2) SYBR Green, 
Moleqular Probes inc; (3) Quantum Prep Freeza.l'isi Sque^^^^ Gel 
Rxtraction Spln.Golumhs, Bio-Rad Laboratories, 732r;6165. 
.2.5 Restriction digests. Ligation and Transforpiation. (1)/ Restriction 
. enzymes: from New England (a) EcoR I #R010iS; (b) H/if7d III 

#R0104S; (c) Xba I #R0^^1^ (?) T4 DNA ligas^, Nevy England 
#M0202S. (3) :;.pGDNA3.1(-), Invitirogen Gprporattpn, V795-20. (4) ; lOx 
Buffers from New England Bibiabs: (a) EcoR I buffer, SpOmM NaGi, lOpOrhryi 
Tris-HGL, lOmM MgCL2, 0.^5% Tritbn-X 100, pH 7.5; (b) t4 DNA Ijgase buffer, 
SOOmM Trfs-HCL,100mM MgCLj, lOOmM DTT, lOmM ATP, 250ug/rn,l BSA pH 
.7.5; (c) NEB buffer 2,:500mM NaCI, 100 mM ■ Triis-HGI,^10p^mi^ -^^^^ 
DDT, pH 7.9. (5) iOOx BSA, New England Biolabs. (5) Z-Gom 
Transformation Buffer S^^ Research, T3002. (7) E. col i strain J ^ 

(8) LB Plates with 100. p (9) ^LB rinedja with 100 pti/ml 

amplcillln ; 

2.6 Plasmid Extraction;. W minipreps> Prbrnega, #A1460: • 

2.7 Sequencing cif Clones. (1) Thermo Sequenase Primer G^cle Sequencing 
Kit, AmershamVpharmacia BiotecH^^ labelled prirners 
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(see TABLE II). (3) AlfExpress automated DNA sequencer, Amersham 
Pharmacia Biotech. 
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1 Seq. ID NO:, - ' 1 




m 






I 


\n 

4> 
U 

3 

E 

CO 


1 TAATACGACTCACTATAGGG 1 


\. TAGAAGGCACAGTCGAGG . ' 1 


GTCGTGACCTGCGCCCC .: I 


! TTTCATTTTCAGTTrAGGGCA - 1 


<: 

e 

5 

I 


PrimerNatne ■ : . . , 1 


B 


BGHrev * • --.' I 


PPI2E2R. 1 


IPPI2E2F. •-■.-I 


1 

8 
9 
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2.8 Gel Casting. (1) PagePlus 40% cpncentrate> Amfesco', E562, SOQmL (2) 
Urea, Amersham Pharmacia Biotech, 17-0889-01,50Pg.; (3) 3 N'N'N'N'- 
tetramethylethyleneiamlne (TEMED), APB. (4) Ammonium persulphate (10% 
solution), APB. (5) Boric add,APB. (6) EDTA-disdcIium salt, ARB. (7) ;Tris, 
APB. (8) Bind-Saline, APB. (9) Isopropanol> Sigma. (10) Giacial Acetic 
Acid, Fisher Biotech. (H) DIUF water. Fisher, Scientific. (12) EtOH 200- 
prpof.; 

2;.9 Plasmid Preparation for Electroporation. Qiagen Plasmid Midrkit, Qijagen 
inc., 12143 

3.0 Electroporation. (1) Biorad Gene Pulser with capacitance extender. Bio- 

Rad Laboratories. (2) Gene Pulser Cuvette, Bio-Rad Laboratories. (3) 

Cytomix: 120mM KCI, 0.15nriiyi CaCi^, 10mMK2HPO4/KH2PO4, ;p^ 7.6, 25rhM : 

Hepes,pH 7.6, 2niM EGTA, pH 7.6, 5nriM MgC^.pH 7.6 vyith KOH. (4) RPMI - 

1640+ 20% Foetal Calf Serum + Pen/strep. (5) , HaemaGytdmetfer. (6) Light 

Microscope. :(7) CO2 37*? Ih^^ (8) Cells in log: phase. 

Primary PCR - 

c. A-Lpcus arid C-Locus 

iOx PFu buffer - S pl 

5', Primer (300ng/pl) 1 m' 

3' Primer (SbOng/pi); 1 pi ., 

dNTP's (lOniM each) 1 \s\ 

gDNA (50hg/Ml) > , 10 pi 

DIUF HjO, . 31i4 Ml • 

Pfu DMA PQiymerase OJe ; : 
96°C 2.min. 
95°C 1 mih V 
58°C 1 min }.. x35 
73^C 5 mih J 
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d. B-locus 

lOx Pfi< buffer , .5 pi 
5' Primer (300ng/|j|) 1 jjI 
3' Primer (SOOng/pl) 1 pi 
dNTP's (lOmM each) 1.5 pi 
MgS04 (50mM) . -1 pi 

gDNA (ibOng/pl) ' 1 pi 
DIUFH2O 40.pl 
Pfic DNA Polymerase 0.5 pi 
94*'C 2 mm. 
94°C I min \. ' . 
60°C 1 niin k x35 ■ 
.68°C 3.5 min . J 
68°C 5 min 



Gel Purification of PGR (all PGR and plasmids a He gel purlfiedV 

Mix prinriary^ PGR with 5 pi of ix SVbfi green and incubate at room 

temperature for 15 mihutes then load on a i% agarose gel. Visualize on the 

Dark Reader, and purif/ Using the Quantum Prep Freeze and Squeeze 

extraction kit according to the manufacturers instruct^ 

Secondary PGR , . ' ' ' . . 

. A;- B. arid C Loci ,V . ' - . 

,-10x' Pfu- buffer ■ ■ ■> 5 pi ■ -''-S.--:^ : .:. • 

-5' Primer (300rig/pl), 0;5 pi ' . 

3'. Primer (300ng/pl) O.S.pl 

dNTP's (lOmM each) 1 pi 

1:100 1° PGR . 10 pi : - • . . 

DIUFH2O , 37.5pl. .. 

Pfu DNA Polymerase 0.5 pi 

^■95°G '2 min.- ■ .•■ ■• 
:95°G ^i-mih."| ■ ' .■ ■ ■ . ,, 

58°G 1 min y x35 ' . . ' - 

73°G 4 min J ■ " ■ .. ■ • : 

73°G 7'.min ■ •■ ■ ■ ■ • • 



Restriction digests 

2°. PGR (gel purified) ■'. ■ 30 pi 
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Restriction enzyme 2 X pi 

1 Ox buffer 5 |jI 

lOOx BSA .0.5 pi 

DIUFH2O. 10.5 Ml 

The enzymes used will be determined by the cut sites, incorporated into the 
PCR primers for each Individual PGR. The expression vector pcDNA3.1(-) will 
be cut in a sirnilar manner. 
Ligatlon - 

PgDNA3.1(-) cut with same enzymes as PGR : 50ng 
Cut PGR , iOdng 

lOx T4 pNA llgase buffer, 2 pi 

T4 DNA Ligase 1 pi 

DIUF^HaO . up to 20 pi 

. Transformation 

Transform JM 109 using competent cells made using 
Transformation Kit and Buffer Set. and fpNow the manufacturers lnstruc±ipns;^ 
Colony PGR 

This will check for insert in any transforrhed cells. Follow the same 
protocol for the secondary PGR. : 
Mini Preps oiF colonies with^lhse^t ' 

Use the Wizard Pliis SY ' minipreps and follow the manufacturers 
ihstruGtipns. Malce g sto.clcs before be^ protocol. 

Sequendno of positive dones * 

Usmg tlie Thermo Secjuenase' Pri Setiuencing Kit 

A,C,G or T mik , 3 p| 

' CY5 Primer Ipm/pl 1 p| . 

pNA template ;i0Dng/pl 5 pi 
966C 2 min : . .. . v - 
. 96oC 30 siec : . x25 
61oe 30 sec 
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Add 6 yi\ formamide loading buffer and load 10 pi onto sequencing gel.. 
Analyse sequence for good clones with no misincorporations. 
Midi Preps 

Prepare plasmid for electropbration using the Qiagen Plasmid Midi Kit 
according to the. manufacturers instructions. 
Electroporatlon 

Electropprations are. performed as described in ^-The Bw4 public epitbpe . 
. "of HLA-B mbiecules: confers rieactivity' with natural.: killer cell clones th^t 
express NKbl, a pMtative HILj^ receptor. Gumperz, 3. E., V. Litwin, J. H. Phillips, 
L.L. Lanier and P, Parham.. J. Exp. Med. li3i:ii33-1144^ is 
expressly incorpprated herein by reference/': . 
Screening for production of Soluble HLA 

An ELJS A is used to, screen font of/soluble HLA. For 

biochemical analysis, monomorphic monpclbnal antibodies are particularly . 
useful for identification pfHLA locus products and their subtypes, 

W6/32 is one of t lie most common rnonociohal antibodies (nriAb) used 
to characterize :hurnan jclass : rriajor histocorripatibility complex (Mi^C)^ ; 
molecules. It is' directed againstmbnomorphic determinants on HLA-A, -B and 
: -C HCs, which recognizes phly mature compiexed : class I molecules and 
recognizes /a conformational, epitope on the intact MHC molecule containing 
both betaZ-microglobulin ^(^ and the heavy; (ihain (HC)*. W binds a 
icompact epitope on the class I -molecule that /includes both residue' 3 of 
betaiZni arid "residuevl^ of the heavy chain (Ladasfcy jj, Shum BP, Canavez 
.F/ Seuanez -HN/ Pa of betaZTmicro^lobulin affects binding . 

Pf class I MHG; molecules^ by the; W6/32 -antibody.. Immuriogeheties 1999 
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Apr;49(4):312-20.)- The constant portion of the molecule W6/32 binds to is 
recognized by CTLs and thus can inhibit cytotoxicity. The reactivity of W6/32 
is sensitive to. the amino terminus of human beta2-micrdgl6bulih (Shields MJ, 
Ribaudp RK. Mapping of. the monoclonal antibody W6/32: sensitivity to the 
amino terminus of beta2-mfcroglobulin. Tissue Antigens 1998 May;51(5):567- 
70); HLA-C could not be clearly identified in immurioprecipitations With W6/32 
suggesting that HLf\-C locus products may be associated only weakly with 
: b2m, explaining some of the difficulties encountered In biochemical studies 
of HLA-C antigens [Stam, 1986 #1]. The polypeptides correlating with the G- 
locus products are recognized far better by HC-10 than by W6/32 which 
.confirms that at least some of the C products nriay be associated with b2m 
more weakly than HLAtA and ^B. W6/32 Is. available biotinylated (Serot^^ 
MGA81B) offering additional variations in ELISA procedures. 

HC'IO is reactive with almost ail HILA-B locus free heavy chains, the A2 
heavy chains are only very weakly recognized by HC-10. IWoreover, HC-10 
reacts- only with a few H LA- A locus heavy chains. In addition, HC-ip seems 
td: react weil with free heavy fchains of IfilJ^fO types. IMo evidence for reactivity 
of HC-ld with heayy-cha|n/b2na conip obtained; None of the, 

Jmmunoprecipitates obtained with HC^io . contained b2m [Stam, 1985 #1]. 
This indicates that HC-10 is direded against a site of the HLA class I heavy 
.Chain that includes the, portion involved in Jhteractlon with thie p2m. The 
pattern , of ;hc-10 precipitated material .Is i^uajitatively different from that, 
isolated with W6/32. 

, tl^25, 99 detects a deterrnlhaht in the alp.ha3 domain of HLArABC. It is 
found on /denatured Hl^-B (iri Western) ^ or fujly folded 



SUBSTITUTE SHEET (RULE 26) 



wo 02/30964 



28 



PCT/USOl/31931 



HLA-A,B,& C. It doesn't require a peptide or P2m, i:e. it .works with. the alpha 
.3 domain which folds .without, peptide. This makes it useful, for HC 
determination. 

Anti-hurhan p2m (HRP) (DAKO P0174) recognizes denatured as w^ 
complexed p2m. Although in principle anti-32m reagents could be used for 
the purpose of Identification of H LA molecules, they are less suitable when 
association of heavy chain and p2m is weak. The patterns . of class I 
moleicules precipitated with W6/32 and anti-pirn are usually indistinguishable 
[Vasilov, 1983 #10]. ' ; ^ 

Rabbit ahti-p2-microglobulin . dissociateis p2-microgiobulin from heavy 
chain as a consequence of binding (Rogers, M.J,, Appella, E., Pierotti, M, A,; 
Invernizzi/G.v and ^>armiani, G. (1979); Proc Natl. Acad. Sci. U;S:a. 75/1415- 
1419). It also has been repbrted that rabbit antirhuman ^2-microglobulin 
dissociactes i32rmicrbglobulln . from HLA heavy chain^ upon binding 
(Nakamuro, K;, Tanigaki, N,; and Pressman, p. (1977) Immunology 32, 139- 
146.). This anp-humah P2m antibody Is also available unconjugated (DAKO . 
: Ab072);. ; 

the wo/ j-i-MLA sanawicn tLibAv Sandwich assays can be used to study 
, a number:' of aspects of protein complexes. If antibodies are available, to 
different components of a heteropolymer, a two antibody assay can be 
designed to test for the presence of the complex. Using a variation pf these' 
assays, mpnodpnal antibodies; can' be used to test whether a given antigen 
is rtiulUmeric/ irthe s^ monpclohal antibgd^ is u^ed for both the solid 
phase and the . label, nqononierid. antigens, cannot , be. detectedl. Such 
combinations, hQweyer, niay. detect m these 
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assays negative results may be' generated both, by multimeric antigen held 
in unfavorable steric positions as well as by nnonornenc antigens. 

The W5/32 - anti-32m antibody sandwich assay is dne of the best 
techniques for determining the presence and quantity- of sHLA; Two antibody 
sandwich assays are quick and accurate/ and if a source of pure antigen is 
available, the assay can be used to determine the absolute amounts of 
antigen in unknown samples. The assay requires two antibodies that bind to 
non-overlapping epitopes on. the antigen. This assay is particularly useful to 
study a number of aspects of protein complexes: 

To detect the antigen (sHLA)> the wells of microtiter plates are coated 
with the specific (capture) antibody W6/32. followed by the Incubation with 
test solutions containing antigen. Unbound antigen is washed out and a 
different antigen-specific antibody (anti-p2m)^ conjugated to HRP is added, 
.followed by another incubation. Unbound conjugate is washed out and 
substrate is added. After ariother incubation, the degree of substrate 
hydrolysis is measured. The amount of substrate hydroly zed is; proportional 
to the.amount of antigen in the test sblutlon: 

• the major advantages of this; technique are that the antigen does not 
need to be purified prior, to use and that the assays are very specific. , The 
sensitivity of the assay cJepends on 4 factors: (1) The number df c^ 
antibody; (2) the javldity of the capture antibody for the antigen; (3) The 
avidity of the second antibody for the antigen; (4) The specific activity of the 
labeled second antibody- 
Using an EIJSA protocol ternpla^^^ and label a clear 96-wel^^^^ 
assay plate. Polystyrene Is normally used microtiter plate. (Because .It 
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is not translucent,: enzyme assays that will be quarititated by a. plate reader 
should be performed In polystyrene and not PVC plates). 

Coating of the W6/32 is perforrned in Tris buffered saline (TBS); pH 8.5. 
A coating solution of 8.0 pg/ml of specific W6/32 antibody in TBS (pH 8.5) is 
prepared, (blue tube, preparation stored at -2p*C with a concentration of 0.2 
mg/ml and a volume of i 'ml giving 0.2 rhg per tube). 

TABLE III 



No. of Total W6/32 TBS 

plates Volume antibody pH 8.5 

1 10 ml* '400 pi 9.6 ml 

2 20 ml 800 [i\ 19.2 ml 

3 30 ml :i200 pi 28.8 ml 

4 40 ml 1600 pi 38:4 ml 

5 50 ml- 2000 pi 48:0 ml 



Although this , is well above , the . capacit>^: of a micrptiter plate/ the 
binding will occur more rapidly. Higher concentrations will speed the binding 
of antigen to the polystyrene, but the capacity bf the plastic is only iabout 100- 
ng/well (300 ng/em2)/.s6 -the ^xtra' p ' (If using W6/3.2 of 

unknown cbfTipositidn or concentration, first titrate the amount of standard 
antibody solution' needed to coat the plate versus a^ flked^ high concentration 
of labeled antigen. Plot the values and select the lowest level that vyill yield 
a strong Signal. bo' riot include sodiuni azide In any .solutions when 
horseradish perdxiclase Is used for dejection^ • 

Immediatiely coat the. nri|crotiter plate w^^^ pi or antigen solution 

per well :using a multichannel pipet. Standard polystyrene will bind/aritibbdies 
or antigens. when the proteins are' simply incubated, with the plastic.; The 
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bonds that hold the . proteins are non-covalent, but .the exact types of 
Interactions , are not known. Shake the plate to ensure that . the antigen 
solution is evenly distributed over the bottom of each well. Seal the plate 
. with plate sealers (sealplate adhesive. sealing film; nonsterile, 100 per unit; 
Phenix; LMT-SeaKEX) or sealing tape to Nunc-Immunp''" Modules (# 236366). 
Incubate at 4^G overnight. Avoid detergents and extraneous proteins. Next, 
. day, i-empye the contents of the well by flicking the liquid into the sink or a 
suitable waste container. Remove last tra of solution by Inverting the 
plate and blotting it against cliean paper toweling. Complete removal of - liquid 
at eaich s;tep is essential for good performance. 

Wash the plate 10 trmes with Wash Buffer 0.05 % 

Twe6n-20) using a multi-chanhel ELISA washer. After the last wash, remove 
any remaining Wash Buffer by inverting the plate and blotting it against 
clean paper toweling. After the W6/32 is bound, the remaining sites or): the 
' plate must be saturated by incubating with blpcking buffer/made of 3% BSA 
in PBS. Fill -the wells with 200 pi bfocking buffer, Gbyer the plates with, an 
adhesive strip ^rid incubate overnight -^t 4°C:.;Altem^^ for at : 

least 2 hours at room temperature which Is, however^ standard 
procedure. Blocked plates may^be stored for at least 5 days at 4°C. Good 
pipetting practice is nriostiriiportant tb^p 

The tips .are just bs important a part of the systehni as the^^ p^^ itself. If 
they are of inferior quality or do not fit exactly, even. the best pipette cannot; 
produce sati^factd riesults. The; p^^ pbsition is; aivyays vertical: 

Otherwise, .causing too much . Hquia .to- be drawn in. The immersiori, depth 
should be phly , a few/ n;1illimeters. .AMovv the .pipetOng 1^^^^ 
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gradually, observing the filling operation. There shoUl(J be no turbulence 
developed in the tip, otherwise there Is a risk of aerosols being formed and 
gases coming out of solution: 

When maximum levels of accuracy are stipulated, prewetting should be 
used at all times. To do this, the required set volume is first drawn in one or 
two times using the same tip and then returned. Prewetting is absolutely 
necessary on the more difficult liquids such as 3% BSA. Do not priewet, if 
:your Intention Is. to mix your pipetted sample thorpughly. with an already" 
present solution, Hovyever, prewet only for volumes greater than 10 pi. In 
the case of pipettes for volumes less than lO/pl the residuar liquid film is as 
a rule taken into account when designing and adjusting the Instrurinent. The 
. tips must be changed between each individual sahriple. With volumes <10 
pj special attention rnust also be paid to drawing . in the llquici slowly, : 
otherwise the sample wili be significantly warmed Op* by the frictipnal heat 
generated. Then slowly withdraw the tip from the liquid, if .necessary vyiping 
off any drops clinging to the outside. . 

To dispense the set volume hbld the tip at ai slight angle it down 

uniformly as far as the first s.top. In order to. reduce the effects of surface, 
tension/ the tip should be in cpntact with the side of the contairiier when the 
liquid is dispensed. After liquid has been discharged With, thie; metering 
stroke, a short pause. Is made to enable the liquid running down the inside 
of the tip to collect at its lower end. Then press It down iswiftly to the 
secgnd stop, in order to.blbw put. the.tip^^ w the extended 'stroke with wh 
the residual liquid can be blown out. In cases that are not problematic, (e.g. 
aqueous solutions) this brings about avrapid and virtually complete discharge 
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of the set volume. In more difficult caises, a slower discharge and a longer 
pause before actuating the extended stroke can belp. To , determine the 
absolute amount of antigen (sHLA), sarriple values are compared with those 
obtained using known amounts of pure unlabeled antigen in a standard curve. 

For accurate quantitation, all samples have to' be run irl triplicate/ and 
the standard antigen-dilution series should be . included on each plate. 
Pipetting should be preformed.without delay to minimize "diff^ in tirhe 

of irieubatipn between sarhples. All dilutionis should be . done in! blocking 
buffer. Thus, prepare a standard antigen-dilution $eries by successive 
diiutipns of the. homologous antigen stock in 3% BSA in PBS blocking buffer. 
In order to measfure. the amount* of antigen in a test sample, the standard 
antigen-dilution series needs to span most of the dynarhic range of binding. 
. This range spans:fr6m 5 to 100. ng sHLA/ml. A stock soluti of 1 Mg/ml; 
should be prepared, aliqlibted In volumes of 300 pi and stored at 4°C. Prepare 
a 50 ml batch of standard at the time. (New batches need to be compared to ' 
the bid batch before used in quantitation). 

• Use a tube of th^ standard stock solution E to prepare success^^ 
dilutions. -W standard curves are necessary to. a rtieasure the 

amount of antigen in. test samples, they are unnecessary* for qualitative 
"yeis/no" answers. For accurate quantitation, the t^st solutions containing 
sHLA should be assayed over a number of at least 4 dilutions to assure to be 
within the range Of the standard .curve. Prepare serial dilutions of" each 
antigen te^t splutioh* in bloc (3% BSA in PBS).' After mixing, 

prepare all dilutions Jn disposabte well hrilcrotiter plates before ' 

adding them. to. tbV^6/32-coated pl^^^^^ Add 150 pi In. - 
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each well. To further proceed, remove any remaining, blocking buffer and 
wash the plate as described above. The plates are now ready for sample 
addition. Add 100 pi of the sHUK contaimng. test solutions and- the standard 
antigen dilutions to the antibody-coated wells. 

Cover the plates with an adhesive strip and incubate for exactly 1 hour 
at room temperature. After incubation, remove . the unbound antigen by 
washing the plate lOx with Wash Buffer (PBS containing 0.05 % Tween-ZQ) 
as described. ' Prepare the appropriate developing reagent to detect sHLA. 
Use. the second specific antibody/ anti-human 32m-HRP (DAKO P0174 / 0.4 
nig/ml) conjugated to Horseradish Peroxidase (HRP); Dilute the anti-human 
p2m-HRP in a ratio of 1:1000 in 3% BSA in PBS.' (Db not include sodium azfde 
in solutions; when horseradish peroxidase IS used f 



TABLE IV 

No. of Total anti-p2m-HRP .3<VbBSA 

plates. : Volume antibody : in PBS 

1 10 mi 10 pi 10 rnl 

2 20 ml. 20 pi 2ml 

3 30 ml. 30 pi 3b rtil 

4 40 ml 40 pi . 40 ml 

5 50 ml 50 pi 50 ml 

Add 100 pi of the secondary antibody dilution to/each well. All dilutions 
should be done in blocking' buffer. Cover with a neW adhesive strip and 
incubate for , 20 minutes at room temperature; / Prepare the appropriate 
anriount pf substrate prior to the . wash step. Bring the substrate to ' room 
temperature. 
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OPD (o-Phenylenediamlne) is a peroxidase substrate suitable for use 
in ELISA procedures. Tlie substrate produces a soluble, end product that is 
yellow in color. The OPD reaction is stopped with 3 N H2SO4, producing an 
orange-brown, product and read at 492 nm. Prepare OPD fresh from tablets 
(Sigma, P6787; 2 mg/tablet). The solid tablets are convenient to use when 
small quantities of the . substrate are required. After second antibody 
incubation, remove the unbound secondary reagent by. washing the plate i Ox 
. with Wash Buffer (PBS containing 0;05% the final wash, 

add . 100. [ji of the OPD substrate solution to each well and allow to develop 
at i-oom tenriperature for io minutes.. Reagents of the developing system are 
light-sensitive, tiiLis, avoid placing the plate in direct light. - Prepare the 3 N 
H2SO4 stop solution. After 10 mihutes,,add 100 pi; of stop solution, per 100 
pi of teactioh hriixturei to each wejl. Gently tap the plate to ensure thorough 
mixing... 

Read the ELISA. plate at a wavelenigth of 490 nrn withiii a time peHod 
of.l 5 minutes a^ stopping the reaction. The background should be around 
: Ovl::If your background: is higher,: you hngy have contaminated the substrate 
with a p^roxidlase. If the_ substrate background is low arid the background in 
youn;assay is^^^ be due to insufficient blocking.. Finally analyze 

your readings. Prepare a standard curve cohstructed from the data firoduced 
by- serial, dilutions of the standard antigen , To determine the absolute 
amoLJht'-of: antigen,; compare tlles'e- values with those :o.btaihed ' from the 
standard curve: 
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Creation of Transfectants and Production of Soluble Class I Molecules 

. Transfectants were established as previously described (Prilliman, KR 
et al./Immunogenetics 45:379, 1997, which. is expressly mcorporated herein 
by reference) with the following modificationis; a cDNA clone of B*1501 
containing the entire coding region , of the molecule was; PCR amplified in 
order to generate a construct devoid of the cytoplasmic domain using primers 
5PXI (59-GGGCrcrAGAGGACTCAGAATCTCCCCAGAC^ GCCGAG-39) and 3PEI 
(59-CCGCGAATTCrCATCTCA as shown in TABLE V. tonstructs 

were also created contairiing a G-terminal epitope tag consisting of either 6 
consecutive histidines or the FLAG epitope (Asp-Tyr-LVs-Asp-Asp-Asp-Aspr 
Lys). TABLE V Primers utilized to create B*1501-HIS and B*150>FLAG were 
5 R X I ; ; a. h d 3 pr E ; I H I S .( 5 9 - 

CCGCGAATTCTCAGTGGTGGTGGTGGTC^OT or 
'3:'-',P •/./g-;;./';!' .'-'F\ ;L a-:. ■ G: •'■ .■• ■-;,( ■ : ■'■5' .1 9\'''''\ 
CCGCGAATTCrCAprGTCA PCR 
ampliconiS; were purified u^ing a Qiagen Spin PCR purification kit (Qiagen, 
Levsden, The fNletheriands) and cloned intb:^the mammalian expression, v 
peDNA3:l (Invitrogen> Carisbad/CA/OSA)- TABLE V. After confirhiatibn of 
iiisert int;egr:ity by bidirectional DN A sequencing, constructs were 
electroporated into the class I negative, B-lymphoblast6?d cell line 721,221 
fPrilliman/ KR iet ai.> 1997/ prieviousiy incorpbra^ reference^. 
Transfectants were maintained : in medium containing . G4i8 ; pdst- 
electroporatlon' and subdoned.in oii;dei^ to, isolate efficient producers of soluble , 
class I- as /determined by ELISA- ;(Pritlinnian>: KR ai, 1997, previously 
incorporated herein by reference). ; 
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Soluble B*1501, B*1.501-HIS, and. B*i501-FLAG were produc^^ by culturing 

established transfectants in CP3000 hollow-fiber bioreactors as previously 

deiscribed by Prilliman et al, ,1997/ which has previously been incorporated 

herein by reference. Supernatants containing soluble class I molecules were 

collected in bioreactor harvests and purified on W6/32 affinity .columns. At 

: least 2 colunrin purifications ' were performed per mblecuie. 

Ligand Purification, Edmah Sequencing, and Reverse-Phase HPLC 
Separation of Peptides 

Peptide Hgands were purified from class I molecules by acid elution- 
(Prillimah, KR ; et aL, Ihnmun0gehetics 48:8.9,/ 19981 w expressly 
incorporated herein by reference) and further separated from heavy and light 
chains by . passage through a stirred . cell (Millipbre, : Bedford; - MA, ; USA) 
equipped, with a 3-Kd cutoff membrane CMillipore). Approximately 1/iOO. 
volume of stirred cell flow through containing peptide eluted from either 
B*15P1/B*1501-HIS, or B.*15^^^^ subjected to 14 cycles of . Ed man 

degradatiQh on a 492A pulsed liquid phase protein sequencer/.(Perkin-Elmer' 
Applied Blpsystems Division, >6 6sA) withput the derivitization of 

: cysteine. Edman motifs' were . derived by combiriihg*;.frqrn multiple * cbiumn 
elutions the pic^ amino acid and. then* calculating the fold, 

increase over previous, round as described In (Prilliman, KR et al,, 1998,'; 
previously incorporated herein by reference) and are shown in FIG; 2. 

\ Pooled '^^^p^^^ iseparated into fractions by RP-HPLC as 

previously descnbed (Prilliman, kR et al, 1998, previously infcdi^porated herein 
by reference), briefly, 400-mg aliquot iri lOb ml : 

of 10% acetic acid and loaded bntp a 2,1 3 150 mni C18 .column (Michrom 
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Bioresources, Auburn, CA, USA) using a gradient of 2%-10% acetonitrile with 
0.06% TFA for 0.02 min followed by a 10%-60% gradient of the same for 60 
min. Fractions were collected automatically at 1-min intervals with a flow rate 
of 180 ml/nriln. 

Mass Spectrometric Ligiahd Analysis 

RP-HPLC fractions were speed-vacuumed to dryness and reconstituted 
in 40 mr50% methanoi, 0.5% acetic acid. Approximately 5 ml from selected 
fractions were sprayed into an APHlI triple-quadrupole mass spectrometer" 
(PE Sciex,: Foster City, CA, USA) using a IsiahoES ionization source Inlet 
(Protaha, Odense, Denmark). Sc:ans were collected while using the following 
instrument settings: polarity^positive; needle vo|tager-1375 V; orifice 
voltage —65 V; N2 curtain gas— 0.6 ml/mln; step size— 0.2 amu; dwell 
time— 1.5 ms; and nriass range— 325-1400. Total, fori traces generated frpm 
each molecule, were compared visually in order to identify, ions overlapping 
between molecules.: Following identificatibn of . ion matches; individual jons 
were selected for MS/MS sequencing. 

Sequences were predicted using; the BibMm (P^E Sci^x) 

a Igorithnri predict sequence, and fragmentation patterns further assessed 
manually. Determinations of ion sequence homology to; currently compiled 
sequences were performed using advanced . BLASt sejarches against the 
nonredundant, .human expressed,, sequ^nc^ tag,- .^nd unfinished high 
throughput genomic sequences : nu^^^^ databases currently available 

through the f^ational./.Center : for ; B.iotechnplogy Information .(National 
Institutes of Health, Beth^sda' MD, USA). 
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The methodology of the present invention provides a direct Gomparative 
analysis of peptide ligands eluted from class I H LA molecules: In order to 
accomplish such comparative analyses , hollow-fiber, bioreactors for class I 
ligand production were used along with reverse-phase H PLC for fractionating 
eluted ligands,. and mass spectrometry for the mapping and sequencing of 
peptide ligands. The application of comparative ligand. rriappihg also is 
applicable to cell lines that express endogenous dass L Prior to peptide 
sequence determination in ;das^ I positive cell lines, the effects of. addlrig a 
C-terhninal epitope tag to transfected class ! molecules Was found to hav^ no 
deleterious effeicts, * Either a tag consisting of 6 histldines (6-HIS) or a tag 
containing the epitope Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys (FL7VG) was added 
:to the C-ternrijnus of soluble B*1501 through PGR. Thes^ constructs were then 
transfected into class I negative, 721.221 cells and peptides purified as 
. previously estabHshed; (Prinirrian, KR et al; 1998/ previously Jncorpbrated . 
herein by reference) . Comparison of the two tailed transfeGtants vyith the^ 
untailed, soluble 8*1501 allowed for the determinah^ addition had 

no effect, on peptide binding:; s^ cl^ss I molecule. - and 

consequently had no deleterious effects on direct peptide ligand rhapping and 
sequencing. . 
Edman Motifs 

The most comnipn. rheans for discerning jigands presented by a. 
particular class I rholecule^^^^ Edman sequencing the popl of peptides 
frdni that rriolecule: In order to dembhstrate that t^ class F molecules 
with eterminal teigs does not disrupt endqgehous peptide loading ■ ,Edhlah * 
sequences orthe'peptide pools fro^^ and BKlSOlrFLAG 
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Was compared with previously published B*1501 data RG. 2. Motifs were 
assigned to each of the various B*1501 molecules as is.hown in' FIG. 2. At the 
anchor position 2 (P2) a dominant Q and subdomlhant M was seen in motifs 
as previously published by Falk et aL (Irrimunogenetics 41:165;. 1995) and 
Barber et al\ ( J Exp Med 184:735, 1996). A more disparate P3 Is seen in all 
molecules with F/K, N> P, R/and Y appearing; these results have also been 
previously reported by Falk and Barber. Again, a dominant Y and F are seen 
as the C-termihal anchors at P9 In all three mbiecules: The motif data for all 
three mpiecules are in dose; accord, therefore, with the published standard 
motifs. 

Mass Spectrometric Profiles 

Comparison of motifs for the surface bound, nontailed, and tailed 
8*1501 molecules. identified no substantial differencesjh th^ pooled peptides 
bound by the various forms of B*1501 tested; However, the aim of the 
present inyention is to subtractively cornpare the individuaT peptides bound 
by class. I molecules from diseased and healthy cells. Subtractive analysis is 
accomplished through, the cdnip^risQn .of mas^^ and; 
as such, the Ion maps. 

of tatijed arid untaifed class I hriolecules were compared in order to determine 
the effect of tailing, upon corpparatlve peptide mapping. 

Peptides derived from tailed and untailed 6*1501 were separated into 
fractions via reverse phas^ was then scanned . 

using ah API;lil maSs spe^^ Identify ions present in . each 

fraction. Overall ion scans frorn RP-HPL^ frartions 9, i6, 11, 18, 19 ■ and 20 
were; prod uce^^ and visually compared ja drcler to assess Ions representing / 
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peptides overlapping betweien the three molecules, FIG, 3; depicts a 
representative section of the ion maps generated from each of the molecules. 
This comparison shows that the same pattern of ions is produced by the 
different B*150l molecules analyzed here. The manual comparison of ion 
maps from each of the three fractions found little to no difference in the 
peptides bound by each of the three molecules;. 
Ligahd Sequences 

After identification of ion matches in MS chroni'atograms of each of the 
three molecules, Individual ions were chosen for sequencing by tehdem mass 
spectrometry in order to deterrnine if ions, were indeed nhiatched at the 
peptide-sequence level. Ten ions fronri each fraction were initially selected for 
MS/MS sequence generation. Fragmentation patterns for each of the Ions from 
each molecule were nnariually compared and identical^fragmentation patterns 
were counted as peptlde-bequenee level matches, as illustrated in HG. 4. 
Of the peptide fragmentation patterns examined/ 5i2/57 (91%) were exact 
matches between the uritaiied molecules and the 6-HIStailed protein (TABLE 
yi); A more- dlsipa rate pattern of fragme^^^^^ identified in the FLAG- 

tailed ions selected for MS/MS^equehcing: of:the 57. ions selected for MS/MS 
fragmentation comparison, 39: (70%) fragrrientation patterns matched 
between the FLAG-tailed. and^ u of 113. 

(81%) spectra examined were in accord betyye^^^ the tailed molecules arid 
soluble B*150i.! 
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TABLE VI 



Molecules 




Ions Examined 


Ion Matches 


Percent 
Matched 












B*1501-HIS 




■ 57 


52 ■'. 


91% . 


B*1501-FLAG ; 




.. .56' 


39 


' 70% 


B*1501-taggeci 




• 113 • . • ■ 




81% 



Several ligarid seqUjehces were clearly determined from the 
fragmentation patterns produced. The ligand. QGLiSRGYSY, deriving frpni 
human periplakin, was sequenced from those peptides eluted In fraction liB. 
A second ligand, AVRDISEASVF/ an li-mer ma^^^ a span of, the ,4015. 
ribosomal protein S26> was \identified In fraction 20/ Nota two 
peptides lacked the strong cofnsensus glutamirie expected by the' mptif d 
a phenomenon previously reported by our laboratory \fvhen . sequencing 
. B*1501-eluted iigands' (Prillim et al, 1997, previously incorporated ^ 

- herein by reference). Both! these jIgahdS; however, .. tei^^ 
aromatic tyrosine 9 phenylaiahlne; these amino acids- were both preclidiied 
to be strong ahchoirs by Edman sequencing data and by previously published 
. bbservatiphs (Prllfiman, KR et al, 1998, previously, incorporated herein , by 
; reference);', • ; ''^•'' ■"['y'];':' ' .' \ .'•"■■■•■•;*'* '.'^y''- ■■■^ • 

One embodiment of the present invention contemplates characterizing 
peptide ligands bound by a giyen class I molecule by trarisfecting that 
molecule into a class I negative ceir line iarid affinity purlificatlon of the clas^^ 
I molecule and bound peptide,: Gbnrt plications arise, however;; when tell lines 
are chosen for study that already possess class I molecules; In this c^se. 
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antibodies specific for one class I molecule must be used to selectively purify 
that class I molecule from others, expressed by the, cell. Because allele- 
specific antibodies, recognize epitopes in and arourid the. peptide binding 
groove, variations in the peptides found in the groove can alter antibody 
affinity for the class I molecule (Solheim, JC et al./ J Immunol 151:5387, 
1993; and Bluestone, JA et al., J Exp I^led 176:1757; 19,92). Altered antibody 
recognition c^n, in turn, bias the peptides available for elution and 
subsequent sequence analysis. 

In order to selectively purify from a class I positive cell a transfected 
class I molecuie and its peptide ligands in an unbiased way. It was necessary 
to alter the embodiment for class I purification Jn a non-class I positive cell. 
The C-terminai addition of a FLAG and 6- HIS tag to a class I molecule that 
had already been extensively characterized, B*1501 w;as shown to have little 
.or\ no effect on peptide binding. This methodology was designed to allow 
purification of a single class I ' specificity from, a complex mixture of 
endogenbusly expressed class I molecules: Ligands. e luted from the tailed 
■ and .untailed B'*?1501 .molecule were cpmpared to .assess the effe^^ 
.addition on the peptide repertiolre. 

Pooled Edman sequencing is the commonly used, method to determine 
the binding fingerprint of a given molecule, and this nhethodolpgy .was liised , 
to ascertaiii the large-scale effect of taiL addition upon peptide binding. We 
subjected 1/100 of the peptides eluted, frorin each class I MHC molecule to 
Edman degradation and derived motifs for each, of the molecules; - Both the , 
HIS- and FLAq-tailed: motifs published 'motifs for the .soluble and 

mem^rane-bdurid B*1501; Each of the m exhibited motifs bearing a 
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dominant P2 anchor of CJ, a more disparate P3 In which multiple residues 
could be found; and another dominant anchor of Y or F at P9. Srhall 
differences in the picomolar ahnounts of each of the amino acids detected 
during Edmap sequencing have been noted preyidusiy in consecutive runs 
with the same mbiecule and nDbst likely reflect differences in cell handMng 
and/or peptide isolation rather than disparities in bound peptides: Highly 
similar peptide motifs indicated that the peptide binding capabiilties of class 
LMHC molecules are not drastically altered by the addition of a tag. 

In order to insure the ligands were not skewed after tag addition^; MS 
and MS/iyiS were used for the niappihg and sequencing of Individual peptides, 
respectively. Peptide hnixtures subjected. to MS provided ton chrorriatograms 
(nc 3) that were used to compare the degree of fori overlap between the 
three examined riiblecules. Extensive ipn pverlap. Jndicates that the . peptides 
bound by these tailed and untailed B*1501 molecules were nearly identica 

^ Selected ions were t^^ MS/MS sequenced in order to confirm that 
mapped - ion oy^rlaps indeed represented exact ligand rhatches through 
cpmpaHson pf frag the three molecules (Fig. 4); : 

Approximately 50 peptides were chos^^^ MS/MS— teii from each 

frac±iph. Overall, fragmentation patte^^ were exact matches In a majority of - 
the peptides exaipined (TABLE: VI). Fragmentation patterns categorized as 
nbrihnatches resulted from- a mixture of peptid present at the same mass 
to charge ratio, on tagged molecule and 

not apparent in the spectra jif the sa^ Of the sequehce- 

level matcheis, ligapcl^^ froiT*- /HlS^tailed : nibl^cules more . clbseiiy 

matehied those deriyed from 6*1501 than' those eluted ; from FLAG-talied 



SUBSTITUTE SHEET (RULE 26) 



wo 02/30964 



46 



PCT/USO 1/31931 



molecules. In total, 52/57 HIS peptides were exact matches, whereas, 39/56 
FLAG peptides were equivalent. Thus, the data indicates that the 6-HIS tag 
Is less disruptive: to endogenous peptide binding than is the FLAG-tag, 
although neither tag drastically altered the peptides bound by B*150i. 

A handful of individual Iigand sequences present in fractions of peptides 
. eluted froni all three molecules were determined by MS/MS. The two clearest 
sequences, AVRDISEASYF and QGLISRGYSY/ demonstrate that tailed class I 
molecules Indeed; load endogenous peptide . ligands. This; supports the 
hypothesis that addition of a G-terminal tag does not abrogate the ability of 
the soluble HLA-B*1501 molecule to naturally bind endogenous peptides. 
Further, both peptide sequences closely, matched thdsie previously reported 
for 'B^lSOl eluted peptides having a disparate N-ternninus paired with a niore 
conserved G-terminiis consisting of either a . phenyialanlne . or a tyrosine. 
Given the homologous. Edman^sequence^ largely, identical fragmentation 
patterns, arid the peptide ligands shared betvyeen the ^hree molecules, we . 
conclude that addition of a, C-termmal tag does not^ significantly alter theV 
peptlde^^boun^ 8*1^01.: ; Mapplng- and subt tomparing eluted 

peptides, is a;..dire^^^ nrieans for' identifying, differences and similarities in the 
individual ligands bound by a class ^I HLA molecule. Ihdeed,^^^ 
comparisons demonstrate how oyerlapRing iigands bind .across closely related 
HLAtBIS SMb^^ as well as pointing out which ligands are unique to yirus- 
infected cells: Direct comparative, ahalysies -of eluted peptide ligands Is well ' 
suited for a ' numbe^ purposes, nbt: the lea^^^ is viral and cancer 

CT:l epitope; xJIscoy^^ a 
feasible: me^^^ for production and .puVificatlon of ;d molecules,; and 
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therefore, peptide ligands in cell lines capable of sustaining viral infection or 
harboring neoplastic agents/ as illustrated in FIG. 5. Direct peptide analysis 
from such lines .should yield important information on . host . control of 
..pathogenic, elements as well as provide important building blocks for rational 
vaccine development. 

The present invention further relates in particular to a novel method 
for detecting those peptide epitopes which distinguish the Infected/tumor cell. 
from the uninfected/non-tuhnbr cell. The results obtained from the present 
inventive methodology cannot be predicted or ascertained indirectly; only 
with a direct epitope discovery method can the unique epitopes described 
herein be Identified. . Furthermore, only with this direct approach can it be 
ascertained that the source protein Is degraded into potentially imniunogenic 
peptide epitopes. Finally; this unique approach provides a glimpse of which : 
proteins are uniquely up and down regulated in ihfected/tumor cells; 

The utility of such HLA-presented peptide epitopes which, mark; the 
infecteid/tumor cell are three-foid: First,, diagnostics designed to detect a - 
disease state (i.e., infection or capcer) can use epitopes unique to . 
infected/tuhrior ceM to ascertain the presence/absence of a tumor/virus. 
Second/ epitopes unique to infected/tumor cells, represent vaccine candidates. 
Here, We describe epitopes which;-arise on the sur^^^ cells infected With : 
HIV. Such epitopes cpul^ not be predirted without natural virus infection and 
direct epitope discovery/ The epit0^ derived fi-oni proteins 

unique to virus infected and tumor c^^ be used for 

virus/tumor vaccine " develdpment . and • virus/tumor : diagnostics. Third, the 
process indicates that particuliar proteins unique tp virus infected cells. are 
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. found In compartments of the host cell they would otherwise not be found in. 
Thus/ vye/identify uniquely, upreigulated or trafficked host proteins for drug 
targeting to kiir infected cells.. 

The present invention describes/ in particular^ peptide epitopes unique 
to HIV -infected cells. . Peptide epitopes unique to the HLA molecules of HIV 
infected cells were, identified by diriect comparison to HLA peptide epitopes 
frorh uninfected cells. 

,As such/ and only by example, the preisent method is shown to be 
capable of identifying: (1) HL^ presented peptide epitopes/ derived frorh 
intracellular host proteins, that are unique to infected cells but not found on 
uninfected cells, and (2) that the intracellular sourcei-prpteins of the pieptldes; 
are uniquely expressed/processed in . HIV infected cells sUch thiat pepitide 
fragments 6f the proteins can be presented by HLA ipn infected cells but not 
on uninfected cells. 

The^method of the present ipvnetlon also, therefore, describes the 
unique expression; of proteins in infefcted cells or; alternatively, the . unique 
trafflckirig and prpqessjhg .pf no^^ expressed hbst prpteips' isuch. that 
peptide fragnnents thereof are presented by HU\ molecules on Infected cells^^^ 
These HLA presented peptide fragments, pf intracellular proteins represent 
powerful aiternatives for diagnosin ylrus infected cells arid for .targeting 
infected cells for destruction, (i-e;, vaccine development). 

A group of the host source-^proteins, for HLA presented peptide epitopes [ 
unique to HIV infected cells represent source-protelris that are uniquely 
expressed- in cancerous celis. = For exampie, through usihgj the rhethodoiogy 
of the . present invention a peptide fragment of reO^^ is uniquely found 
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on HIV infected cells. A literature search indicates that the reticulocalbin 
gene is Uniquely upregulated in cancer cells , (breast cancer, liver cancer, 
colorectal cancer). Thus, . the HLA presented^ peptide fragment of 
reticulocalbin which distinguishes HIV infected cells from uninfected cells can 
be inferred to also differentiate tumor cells from healthy nbn-tumdr, cells. 
Thus, HLA presented peptide fragments of host genes and gene products that 
distinguish the tumor cell and virus infected cell frqrh healthy cells have been 
directly identified. The : epitope .discovery method of the present invention 
is also capable of identlflyirig host proteins that are uniquely expressed or 
uniquely processed on virus Infected or tumor cells. . HLA presented peptide 
fragments of such uniquely. expressed or uniquely processed prot can be 
used as vaccirte epitopes and as diagnostic tools. . 

The methodology to target anjd detect virus infected cells may hot be 
to target the virus-derived peptides. Rather, the methodology of the present 
invention indicates that the way to ■distinguish infected cells from healthy 
cells is; through alterations in host encoded protein expression and 
processing. This is true for cancer as well as fori virus Jnfe^ The 
methodology according to the . present Invention results . In data which 
Indicates withbut reservation that proteins/peptldes di'stinguish virus/tumor 
cells from healthy cells.; 

Example of Comparative Ligand Mapping in Infected and Uninfected Ceils 
Creation of Soluble Class I Construct 

; EBV-transfornried cell llnes expressing alleles of Inte 
A*0201/ 6*0702; and Cvy*0702) :were grown- and class I HLA typed through, 
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the sequenced-based-typing methodology described in Turner et aL 1998, J. 
Immunol, 161 (3) 1406-13) and U:S. Patent No. 6,287,764 HHdebrand et al. 
both of. which are expressly Incorporated herein m their entirety by reference. 
Total RNA was 5pXI and 3pEI, producing a product lacking the cytdplasnfiic 
and transnnembrane. domains. Alternatively, a 3' primer Encoding a hexa- 
histidihe or FLAG, epitope tag was placed oh the C-terminus ' using the 
primers, 3pEIHiS or 3pEIFLAG (TABLe V). For the C-locus, a 5'primer vvas used 
encoding the Kozak consensus sequenced (Davis, et' al. 1999. J. Exp: Med. 
189: 1265-1274). Each construct Was cut with thfe ■appropriate restriction . 
endohculease (see TABLE V) and cloned irito the mammalian expression 
vertor -pCDNA 3 (Inyitrogen, Carlsbad, GA) encoding either a resistance 
gene fpr,.G418 sulfate or Zieociri (Inyitrogen). 
. Transfection in Sup-Tl cells. Sup-Tl T cells were cultured Jn RPMI 1640 
2p%\fetai calf serum at 37°C and '5%. CO2. CeHs were split daily in order to 
maintbln log-^phase grow^ Plasmid DNA was purified using either Qiageh 
l\lidi-prep kits (Qiagen, Santa Clarita) or Biprad , Quantum Prep Nidlprep Kit 
(Biorad, Herc^ ta) .acc^^^ the. manufacturer's protocol and 

resu$pended ih sterile DNAse- free water. Cells weVe electroporated with 30 
pgs of plasmid, DNA at a voltage 6f 400 mV and. a capacitance of 960 pF. 
Decay cbhstants were monitored throughout electroppration and / drily 
transfections With decay times under were carried through to selection. : 

Selection was performed on day ' post-trartsfec^^^ With .45 mg/mL-Zeodn 
(Invltrogen) seledrive medium containing 30% fetal, calf the pH adjusted 
visually: to' jiist* higher than- hfeutral. ; Cells werfe resusperided in selective 
niediuhn at 2 x ip<^6 cells per ml, fed until they no longer turned the wells 
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yellow, (using the pH indicated Phenol Red (Mediatech)), and allowed to s\t 
untij cells began to divide. After the appearance of acthve division, cells were 
slowly fed with selective medium , until they reached medium (T-75) tissue 
culture flasks. Cells were then subcloned at limiting dilutions of .5, 1, and 

' 1.5 cells per well in 96-vvell tissue culture plates^ Cells vyere allowed to sit 
until well turned, yellow/ they Were then grjadualiy mdved to 24 well plates 
and small (T-25) tissue culture flasks. Samples were taken for soluble, class. 

' i ELIS A, and the best producers of .class I were frozen for later use at 5 x 
10^6. !cells/ml and stored at>135°C. 

Soluble MHC class I ELISA. ELISAs yvere employed to test the concentration 
of the MHC class I/peptide corriplexes in ceil culture supernatants. The 
mpriocipnal antibody W6/32 (ATCC> Manassas, Va) was; used, to coat 96-we!H 
Nunc Starwell Maxi-sorp plates (VWR; West Chester, Pa), One hundred pis 
of test sample containing class I was loaded into each well , of the plate. 
Detection was with anti-pB2 mieroglobullh (light chain) antibody conjugated . 
to horse-radish peiroxidase followeid by incubation with OPb (Sigrna, St. Loiii^, 
Mb)V ElllSA values were read by a SpettraMax 34d,00A, Rom Version. 2.04, 
February 1996, using the. program, Softmax Pro Version 2.2.1 from Molecular 
beVices. For determination of MHG class I complex iri: carboys prior to affinity; 
purification (see below), each sample vyas tested in triplkate oh a 
.^separate plates.: Uninfected and jhfected harvest conceritratiphs were, read 
on. the same plate and uninfected samples were brought to 1% Triton X 100 
prjor to loading on the EUSA plate. This was in an attempt td rninimize. 
variability in mass spectra generate/ d differences . in the amount 

of peptide loaded onto affinity .columns^ . 
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Full-length construct creation. .Full-length constructs (in the pCDNA3.1- 
. /G418 sulfate resistance vector) were created and transfected ihto the class 
I negative B-LCL 721,221 and T2- Both cell lines were cultured in RPMI-i640 
-f 10% fetal calf serum until growing at Ibg phase. Cells were, electroporated 
^at .'25 V and 960 jjF capacitance; .After 2 days/ the cells were pelleted and 
resiuspended in selective medium consisting of RPMI-1640 + 20% PCS + 1.5 
mg/ml 6418 sulfate (Mediatech, Herndon, Va). Cells were treated in the 
same manner as above (Sup-Tl transfection) after this point. 
Cell pharm production. Eight liters of Sup-Tl soluble MHC class I 
transfectants cultured In roller bottles . In RPMI-i64Q + 15% FCS + 100 U. 
penicillin/streptomycin were centrifuged for Ip min at 1100 X g. Supernatant 
was discarded and a total of 3 X io^ 9 total cells were resuspended In 200 
mis of conditioned medium. Infected cells were then jadded to a feed. bottle 
and inoculated through the ECS feed pump of ^ Unisyn CP25d6 cell pharm 
(Unisyn, Hopklngton, MA) into 30 kD niblecuiar-weight cut-off hollow-fiber 
. bioreactors jDreviously primed .with R:PMI-i640 containing .20%^ fetal, calf 
serum. Cells were aliov/ed to incubate , oyerhight In the bioreactor at a 
temperature of 37^C and at a pH of 7:20 mairitaihed automatically through 
GO2 injection Into the medium reservoir of the system. No hew medium was 
introduced Into the system during this time period and the ICS, recirculation 
was maintained at a low value of 400. mls/minUte. ECS feed was begun 12 
hours post ihoculatlbn at a rate of 100 mis/day 'with 15% FCS supplemented 
RPMlTl64b; :'ICS feed was likewise begun at a rate of 1 L/day. ;ECS 
recirculatioh was Initiated at day 2"post-inoculation at a rate of 4; t/day^^ 
and ICS samples were taken at 24-h6ur intervals and sHb^ EUSAs (see 
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above) and glucose tests performed. ECS and ICS feed rates as well as ECS 
and ICS: recirculation rates were adjusted based on increasing concentrations 
oif sHLA in the iiarvest and decreasing levels of glucose in the ICS medium. 
Virus production iand infection HIV MN-1 production. HIV MNrl cloned 
virus (Genbank Accession Number M17449) was thawed from frpzen stock and : 
used to infect 25 X 10^6 hpn-transfected Sup-Tl (Denny Ct, et. al. 1986. • 
Nature. 320:549.51/ which is expressly mcorporated h in its entirety by 
feferencie) T cells using standard methods. Cells were cultured in RPMI-1640 
>20% fetal bovine serum (MedlaTech) for 5 days and observed for syndtia 
formation. Upon formation, of synciti new cells were added in fresh RPMI- 
1640/20% FCS. Culture was continued for 5 more days when .100 mis of 
infected cells, were removed. Supernatant vyas passed through a .45 um filter: 
and cejhfree; virus was aliqubtte^ and stored, at; -SQ^C. ^ This process was 
continued: until an appropriate arnotint of virus was harvested. 
iilV-i iNjL4-3. production. The infectious niolecular clone pNL4-3 (Genbank 
Accession 'Number AI:324493) Was transformed Into the Es/7er/c/7/a c^^ 
TopipF' (Invitrogen, C^ Ca). ^ Pla'smid. br^A was niidijDrepped- from 

transfbrnried cells using either the Qiagen* Midi Prep Kit (Qiagen, Santa - 
Clarita,: Ca) br the Bibrad Quantum Prep Midipreip Kit (Biprad,^ 
according to the manufacturer's instruction tp, 
tlransfect 293T. cells (GenHunter Corporation Nashvilie, TN) using Roche's 
Fugene 6 reagent (Roche, Basej^^^ following the rhanufacturer's 

protocol. Virus-contaihinig supernatant was haryfested at 24, 48, and 72 hours, 
clarified by centrifugatipn at 500 g for 10 mih, aliquotted, arid stored at 
-80*^G- ;Sup-.Tl transfectants^^^^^^^ soluble A*0201> B*0702, or 
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Cw*0702 were cocultured with virus resulting jn high-titre virus. After 72 
hours, Infected cells were centrifuged at 1100 X *g for 10 minutes. 
Supernatant containing cell-free virus was removed, passed through a ,45 pm 
filter, aliquottied, and stored at -80^G. Virally-lnfected cellis were 
resuspended in freeze hiedlum (RPMI-1640 + 20% FCS + 10% DMSO) at 
approximately .6 X10^6 cells per ml and stored at -80^=*C. 
Viral Titer .Determination. One* vial of frozen yirai stock derived from either 
strain of HIV was thawed and used in a TCID50 assay scored two ways: 1) 
weils containing at least 3 isyncitia were considered positive or 2) wells 
containing dyer 50 ng/ml : p24 antigen as determined by EUSA were 
considered positive, The TCID50 was then calculated using the Spearman- 
Karber method (DAIDS Virology Manujal for HIV Laboratories; Jan, 1997). The 
average of both scoring hiethpds was used as the final titer of the virus. As 
a second nieans of viral titer rnQnItoring/ viral stock was used undiluted in a 
p24 EUSA (Beckman Coulter, Miami, Fl) In order to determine the ngs of p24 
present. in cell-free virus. 

P24 ELISA. beterrnihatioh pf Hiy:p^^ was deternriined by. 

the coinnniercially available Beckman Coulter p24 EliSA accprdirig to the 
manufacturer's instructions with the exceptionis of , tine following 
mpdiflcations: sanriples were . treated with 10% Tritpn-X 100 prior to removal 
from a BSL-3 facility,/ therefore the inactivatioh. mqdiurn included in the kit 
was hot used,' Secondly, samples were serially diluted jn water prior to uise, 
Hpnbvv-fiber bioreactor culture of infected cells. All work.ihcluding large- 
scale culture of HIV was performed in; a Biosafety Level 3 .Labpratbry jn 
accordance with guidelines set forth by the National /Institutes' of ^^H^^ 
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HIV MN-i frozen .viral stock allquots were thawed and pQoled to a 100 ml 
total volume; containing approximately 5.5 X 10^6 TCiPso's- Eight liters of 
Sup-Tl soluble. MHC class I transfectants cultured in roller bottles in RPMI- 
1640 + 15% FCS + 100 U penlcillin/streptpmycin \A(.ere cehtrifuged for 10 min 
at 1100 X g. Supernatant was discarded and a total of 3 X 10^ 9 total cells 
were resusoended in 200 mis of conditioned medi.unri. The 100 mis of cell- 
free HIV MN-1 was' then added to the resuspended cells and incubated at 
37*^C.in %5 C02 for. 2 hours With gentle sliaW^ evei-y 2Q minutes. Infected 
cells were then added to a feed bottle and Inoculated through the EGS feed 
pump of a Unisyn ~Cp25Q0 cell pharm (Unisyh, Hopkingtori;- MA) into 30 kD 
molecular-weight cut-off hollpw-fiber bloreactdrs "previously primed Vyith 
RPM1-164P containing 20% fetal calf serum.;' Gejls were allowed to incubate' 
overnight in the bioreactor. at a temperature of 37°C and at a pH of 7.20 
niaintained automatically through CO2 injection Info the miedium reservoir of 
the system. No hew, medium was introduced into the system during this.ttme 
period and. the recirculation w maintained at a low value of, 400. 
mls/nfiinutie. ECS feed was begun i-2 hours post inoculation' at a rate. of. 100 
mis/day with 15%. FCS supplemented :rpmi-1640; : ICS feed was likewise ' 
begun at a r^te of I Vday. ECS,and ICS samples. were taken at 24Thpur 
inte^yais, inactivated by addition of TritOprX ioo to 1%, and sHLA ELISAs, 
p24 EiJSAs/ and;glucose tests performed as descrii?ed above. " ECS and ICS 
fe^d' rates as well as ECS and ICS redrculatton rates w^ adjusted based on 
increasing cohcehtrations of sHLA/in this h3rveWt and de^^^ of 
glucose, in- the, ICiS medium. 
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Soluble HLA purification. Soluble-HLA containing supernatant was removed 
in'l.9L volumes from infected hollow-fiber bioreactors. Twenty-percent 
Triton-X 100 was sterilized and placed in 50 ml aliquots. in 60 mis syringes; 
2 syringes were injected into each 1.9 L haivest bottle as it. was removed 
frpnn. the cell pharm,. resulting in a final TX 100 percentage of 1%. Bottles 
were inverted gently several times to mix the tX 100 and stored at 4'=>C for. 
a niinimum of 1 week'. Aft?r 1 week,. harvest was centrifuged at 2000 X g for 
lb miriutes to remove' cellular debris and pooled into 10 L carboys. An 
allqupt was then removed- from thfe pooled, HIVTlnactlVated supernatant and . 
used In a quantitative TCID50. assay (as described above) and. used to initiate 
a cociilture vf \th Sup-Tl/s. Only after demonstration of, a completely negative 
coculture as well as tClDso were harvests renioyed from the BSL-3; 
Glass 1/ Peptide Production and Peptide Characterization Handling of 
MHC classl/peptide complexesfrom infected cells. Each lOL of celi pharnn 
harvest was separated strictly on a temporal basis during the cell pharm run. 
(This Was ah attempt to assess any .epltopic changes that might occur 
temporaHy.; during infection as opposed to 

globally.) . Harvest Was treated exactly as described above,, except' for the 
removal of a 2. ml aliquot for, tests in both a TCIDjo assay and cell coculture 
assay to determine infiectivlty of , the virus. 

Affinity purificatloh.of ihfected qnd u i complexes: 

.Uninfected and irifected haryest. removed from 'CP2500 machines were treated 
in an identical manner pbst-rehnoval from the cell iahafm./ Apjiroxirnately 50 : 
mgs total class- 1, as measured by W6/32; ELiSA (see.abd^^^^ passed oVer , 

a Pharmacia XK^50 (Amershanr)-Pharm NJ) cp|umn ' 
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packed with 50 mis Sepharose Fast Flow 4B matrix (Amersham) coupled to 
W6/32 antibody. Bound class I complexes were washed first with 1 L 20 mM 
sodium phosphate wash buffer, followed by a wash with, buffer containing the 
zwitterionic detergent Zwittergent 3-08 (Calblochem; Merck KgaA, Darmstadt, 
Germany) at a concentration of 10 mM, plus .NaCl at -50 mM, and 20 mM 
sodium phosphate. The zwittergent wash was monitored by UV absorption 
at a wavelength of 216nm for removal of Tritdh-X 100 hydrophobically bound 
to the peptide corriplexes. , After 1 L of wash had passed over the column 
(more than a sufficient anriount for the UV to return, to baseline), zwittergent 
buffer was removed with 2 L of 20 mM sodium phosphate wash buffer./ 
Peptides werei eluted post wash with freshly made v2N acetic acid, pH 2.7. 
Peptide isolation and separation; Post-eJution, peptide-cqntaining eluate 
fractions were' brought up to 10% glacial acetic aGid roncentratton th^^^ 
addition of 100% glacial acetic acid. Fractions were then pooled into a model 
8050 stirred cell (Miliipore, Bedford, MA) ultrafiltration device coiitaining. a 3 
kp molecular-weight cutoff regenerated celluibse membrane (Millipore).. The. 
device was capjpjed and .tubihg^^ and jDlaced in a 

78^C water bath for 10 minute^, Post-removal, the peptide-containing 
eiution buffer was allowed.to cool. to.room. temperature.. The stirred cell.was 
operated at a pressure of 55 psi under nitrogen flow. Peptides were collected 
in 50 ml conical centrifuge tube^ (VWR, West Chestei:, Pa), flash frozen . in 
super-cooled ethanol,. and; lyophllized to dryness. Peptides were resuspiended 
either in 10% acetic acid of- 10% acetonitriie: Peptides/Were purified through 
a first-found of H PLC on a Haisil G-13 column. (Higgins Anal^^^^^^^^ 
View, Ca-), with an isocratic-flow of l6o%-.& acetonitrilei> .01% TFA) . 
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for 40 minutes. Following eiution, peptide-coritalning fractions were pooled, 
speed-vacuumed to dryness, and resuspended in 150. isis of 10% acetic acid. 
Two pgs of the base methyl violet'were added to the. peptide mixture in 10% 
acetic acid and this was loaded onto a Haisil C-i8 column for fractionation ^ 
Peptides were, fractionated by . one of two niethods, the latter resulting in 
increased peptide resolution. The first fractionation prog rarn was 2t10% B 
in 2 minutes, 10-60% B in. 60 hrilnutes, with 1 minute fraction .collection. ■ 
The second RP-riPLG gradient/consisfeci of a 2^-14% B in 2 minutes, 14-40% 
B in 60. minutes, 40-70% B in 20 minutes, with 1 minOte fraction collection, 
Peptides elutihg in a giveh fraction were monitored' by UV absorbance at 216 
nm. Separate but identical (down to thei same buffer preparations) peptide 
purifications were done for each peptide-batch from unlhfected and infected 
cells. 

Mass^spectrometric mapping of fractionated peptides; Fractionated 
peptides Were mapped by mass spectrometry to generate fraction-based ipn 
maps: Fractions were speed-vacuumed to dryneiss and resuspended in 12 pis 
50:5.0 ! methanol: water + .05% ac^^^^ were, rempyed and 

sprayed via hanoelectrospray (Protaha, Oden^e> Denmark) into a Q-Star 
quadrupole mass spectrometer with a time-pf-flight detector .(Perseptive 
SCIEX, Foster City, Ca); Spectra were generated for masses in the range df 
50-1200 amu using identical mass spertromieter settings for each fraction 
spirayedv." Spectra , were then baserlin^ subtractfed ahd analyzed uising the 
programs BioMultiyiew version l:5beta9 (Persceptiv^ SCIEX) or BioAnalyst 
version -1.0 (Persceptive SCIEX). Spectra from the sarhe frartipn in 
uninfected/infected cells were manually aligned to the same mass range. 
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locked, and 15 amu increments visually .assessed for ttie presence of 
differences in the Jons represented by the spectra (for an . exannple, see 
Hickman et al. 2000. Human Immunology. 61:1339-1346 wliich is expressly 
incorporated herein by reference). Ions were Selected for MS/MS sequencing 
based on upregulations or "down regulation of 1.5 fold over the same ion in the 
uninfected ceils, or the presence or absence of the ion Jn infected cells. Ions 
were thus categorized into multiple. categories prior to MS/MS sequencing. 
Tandem mass-spectrometric analysis of selected peptides. Lists of ions 
masses corresponding to each of the following categorieis were generated: 
1) upregulated in infected cells, 2) doWhregulated in infected cells, 3) 
present only in infected cells, 4) absent in Infectied ceils, and .5) no change 
in infected cells; The last category was generally disregarded for MS/MS 
.^nialysis and the first 4 categories were subjected to MS/MS sequencing 6n^ 
the 'Q-Star mass spectrometer. . Peptide-contaihing fractions were sprayed 
into the mass spectrometer in 3 . pi aliquots. All MS settings were kept 
constant except for the QOapd^ Cad 'gas settings, which, were varied to 
achieve, the best fragmentation. . .Fragmentation patterns generated were 
interpreted manually and with the aid of BloMultiView version 1.5 beta 9. 'No 
sequencing algorlthrns were used for interpretation of data, however nhultiple 
web-based apfbllcations were ernployed .to aid in ' peptide Identification 
Including: MASCOT (Perkihs, DN et al. ±999 ^ Electrophoresis. :20(18):3551- 
3567), . Protein Prospector (Clauses K; R. et aL 1999. Analytical Chemistry. 
7 .1:2 8 7 1 ) ; , P ev p^ d ' e : S e a r c h 

r http://www;riarrador,enr|N 

P e p t i d e s e arc hp a g e . h t m I ) Q/n d BLAST sea rc h 
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(http://www.ncbi. nlm.nih^gov/BLAST/). 

Quality control of epitope changes. Multiple, paranrieters were established 
beipore peptides identified in the above fashion were* deemed "upregulateid/' 
''downregulated/' etc. First, the peptide fractions before and after the 
fraction in which the peptide was identified were, subjected to MS/MS at the 
sanrie amu under the identical collision conditions employed in fragmentation 
'Of the peptide-of-mterest and the spectra generated overlaid and compared. 
This was done to ma Ice sure that, in the unlikeily event that the peptides had 
fractionated differently- (even with nriethyl-violet base B standardization) 
there was riot the presence of the peptide in an earlier or later fraction of the 
uninfiected or infected peptides (and that the peptides had truly fractionated 
■ in an identical manner.) Secondly,, the sarhe amu that was used to Identify 
the first peptide was then subjecteid to MS/MS In the 'alterhate fraction 
(eithfer liifected or uninfected, whichever was opposite of the fraction in wfiich 
the peptide was identifiedO Speictra again were overlaid in order to prove 
conclusively that the fragmentation; patterns did not match and. thus the . 
peptide was not present In . the unin^^^ ih . the . case that the 

fragmeritatibn patterns did mgtch, that .the peptides yvere upreguiated in the 
infected cells. Finaliy, synthetic peptides were generated for each peptide 
•identified. These peptides vyere. resuspended' in 10% acetiG.acid,and RP-HPLC 
.fractipnated "under the same conditions as erhployed for the original 
fractionation, ensuring, that the peptide putatively; identified had the same 
hydrophobicity as thafdf the Jort MS/MS fragnriented. This sy^ 
. was';MS/MS fraghriehted underthe same collision conditions as' t^ ion, 
the spectra overlaid, .and checked for an exact match yvlth the briginal peptide 
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fragment. 

Functional Analy5is\Literature Searches. After Identification of epitopes^ 
literature searches Were performed on source proteins to determine their 
function within the 'Infected cell. Broad Inferiences can ;b.e' made from the 
function of the protein. Source proteins were dassified Into groups according 
to functions lnside:the^celL Again, broad inferences can be made as to the . 
groups of proteins that would be available for specific presentation solely on 
infected cells. : Secondly; source proteins were scanned; for other possible 
epitppes which may be boUnd by other MHG class I alleles. Peptide binding 
predictions (Parker, K. C./et, al. 199^. 3, Immunol. 152:163) were employed 
to determine if other peptides presented: frorh the source pfbteins were 
predicted to bind. Proteasomal prediction algorithms (A. K. Nijssbaum, et. Al, 
. 2001/ //nmu/70srenet/cs 53:87-94) were likewise: employed to determine the 
likeljhood of a peiptide beirig created by the proteasome. 

Sequence Identification.. A discussion of the results seen with the 
appHcatiori of this procedure is included using the peptide GPRiTAALGLL ak ah 
example. .Other examples and data obtained basedrdn the niethpdolog^^^^ 
.listed in TABLE yil. 
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The first step in identification of an epitope present Only on uninfected 
cells is performing MS Idn niapping. In this case, the reversed-phase HPLC 
, fraction 30 obtained from HIV as disclosed :herefnabove (which, contains a 
fraction of the- total class * i; peptides) was sprayed . into .the mass 
spectrometer and an ion spectrum created. FIG. 6 shows tlnie sectiohs of idn 
map in Which an ion was first identified as upregulated. The ion at 484.74 
can be seen to predominate in the upper /map, which is the spectrum 
generated from^peptides from the infected ceils. One can also see that there 
are bther peptides which differ in their intensities between the uninfected 
cells from one spectrum to another. After a peptide is initially Identified, the 
area of the spectrurih in Which, the peptide is found is zoomed in on In order 
to more fully see all the ions in the immediate area (FIG. 7). After zooming 
in on the area fronri- 482-488 amu, the ion at 484:72 can be seen; to only be 
present in the infected .cells (which are seen in the spectrum on the top). A. 
large difference such as this is not always seen, sometimies . more minor 
differences are chosen foi" sequence; determination. .This Ion, however, was 
considered ah extremely gpod candidate for further analysis.* 

After- identification: of the ion,- the next steip in the process is to 
sequence the. peptide by using tandern mass spectronrieitryi^ FIG. .8 shows the 
jspec^^^ when, the peptide is fragnDented. ■ These: fragments are 

used to discern the amino acid sequence of the peptide. The sequence of 
this peptide was determined to be GPRt/y\LGLL- - This peptide /w^^ 
froni Jrifedted Hlj\-B*b702 . molecu^^^ One early quality ' cphtrbl;s^^^ 
exahnining the peptide's sequence to see if it fits the sequences, that Were \ 
previously shown to be presehteci by this rnolecule, . B*0702 
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that have a G at their second position (P2).and an L as their C-terminal 
anchor. Based on this Infornriation, this sequence is likely to be a peptide 
presented by B*0702- 

Descriptivie characterization of peptide. Once the peptide sequence is 
obtained, information is gained on the source protein from, which the peptide 
was derived in the cytosol of the infected celL Initially, a. BUKST search 
(available at the National Center for Biotechnology website) is done to 
provide protein information on the peptide. A bLaST search with the 
sequence GI^RTAALGLL pulied up the protein reticulocajbin 2. After the source 
protein is known/ infornriation about the protein is ascertained first from the 
PubMed (again available at the Natiohal Center for Biotechnology website) 
and put into a format to which one cap easily refer as seen in FIG. 9. All of 
this accession numbers for the protein, as well as the originai description of 
the protein are included. This makes It easy to come back to the information 
for downstream use. Also, the protein sequence i$ copied; pasted; ^nd saved 
as a text - document for incorporation into later , searchies.- The: peptide is 
highlighted; in :the entir0. protein, giving so rne context as . to where . ijt is 

-derived and hovy large the total protein is. this is the initial data gathering 
step post-sequence determination; 

The next step In characterizing thfe ligand is doing literature search 
on the source protein frprin vyhich the peptide , was derived- The protein Is 
entered .Jntp. the VpubMed^V.'.d and all entries with the .word 

^ 'Yeticurocalbin'' are retrievecl. FIG.. 10 illustrates, the listing that Is done to 
summarize what has previously beep described for this protei^ It can be 
seen that for reticulocalbln/.multipleya been published* Involving 
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this protein. The literature Is summarized in .a paragraph following the 
PubMed listings and put into the report. For reticulocalbih, s.ohne of the most 
. Interesting points are that it Is an ER resident protein, which can lead to 
speculation on why it is . presented on infected- cells. Secondly, it has been 
previously found to be upregulated in. several other types of cancers, such as 
breast and . colorectal cancers. This again leads to speculation, that this 
prbtern may be broadly applicable to treat more maladies than those caused 
by HIVi it is also determined whether or not this protein has been previously: 
cited as interacting with/ or being interfered with by HlV. this was. not seen 
for.reticulpcalbin arid thus was not listed in the report, (although in some 
instances it is seen.) A broad understanding of the protein fe gained through 
jiterature searches. • 

Predictive charsicterization of peiptide. After the literature isearch, several 
secondary searcheis are; performed. FIG. 11 illustrates the /esults of a. 
peptide-binding algorithni performed using Parker's Prediction (which is 
described hereinabove). The entire source protein is used for input and the; 
bomputer geherate^^ which, ar^ bound ;;By the" HLA a 

chosen. In this case, B*0702 was chosen because that was' the^^ 
which thiis peptide vyas^^ Frorh the black. arrow in the figu 

seen that the , peptide sequenced by mass sp<ertrometry is predirt^^ bind 
to HLA-B*070;^ with a high affinity. Several othier pe^^^ 

predicted to bind as well. FIG. 12 shows the: sairne proc^ performed 
with the source peptide using another.Well-knc^^ engine, SYPEITHI;. 

(This engine can . be r/found^^^;^^^ theh Worldwide using the : URL: . 

http://syfp'eithi,bmi-heiddberQ.com/Schp^^ ■ 
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Again, the results from this search engine for B*0702 shows that this peptide 
is predicted to bind to >ILA-:B*0702 with a high affinity. . Also, rhultiple other 
peptides are predicted to be derived from this . source protein and bound. 
This prediction allows us to determine several things. First, we can tell If the 
peptide Is predicted to be bound by previous algorithms, This allows us to 
know how well the programis work, and/or if other people could Identify this 
peptide (if they had the sp.urc^ protein) from peptide binding algorithms.' All 
of, this informatloh can be translated Into increasing importance for the 
present Inventive methodology not only for the peptide but also for the 
source protein Itself. 

After p.eptide-bfndfng algorithms* are performed, searches are done to 
determine whether the peptides wcfuld be created by the proteasome during 
normal processing of proteins into peptides. It should be strongly noteid that 
ririultiple pathways for class I ' peptide loading aVe now belrig demonstrated 
and that the clfeavage algorithms for hiiman proteasomes ; are ;.n6t well*' 
established by any rrieans. While a positive result iiiay- indicate that the ^ 
, proteasome is largely responsible for cleavage, a negative, result by no 
indicates that the pi^ptide is not presented In the class I molecule. FIG. 13 
shpws the results of the first proteasonial' cleavage done for the source 
protein retlculocalbin using the cleavage predictor PaProC (available; at URL 
■ Http : //www , pa p roc . de/ ) . The epitope is outlined. . By this prediction 
. software, , the peptide is not predicted ' to ' be v cleaved by ;.the norrrial 
prpteasome,. This may meah that- in^ infected ceils; alternative path ways of 
MHC lclaiss I presentation are; being u^^ particularly iri reference to the 
retlculocalbin peptide. This, . in- turn,-, may. present novel ; methods for 
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therapeutics during viral infection. A second proteasomal cleavage search is 
also employed using the; prediction software NetChop (available on the 
worldwide web) as seen in FIG. 14.' By this prediction and other data from 
current literature in the field, the peptide would be created by the 
proteasome and cleaved to fornn the GPRTAALGLL identified. 

A third round of analysis Involves only the source protein. All other 
alleles are tested for peptide binding and lists of the highest binders 
generated. The protdasonnal cleavage predictions are then referred to m 
order to elucidate how these peptides are generated. This Infornnation Is 
useful for downstreanm testing of peptides and jppr determining whether or not 
this protein will be applicable for vaccine trials covering a broad range of HLA 
alleles. . For reticulocalbin, multiple high-affinity peptides were demonstrated 
for differing HLA alieles. (some examples of .which are showa.in RG. 15) _Tn' 
thi^ figure/ sieveral high, affinity pep>tides deriving from reticulocalbin were 
identified for HLA-A*0201 and A*010l", 

Quality control of sequence deterrninatipn. There currently exists no direct ; 
nfieans to score the quality of MS/MS sequence date pnce.allvdesGnptive.an4 
predirtive steps are concluded, ' we reiturn to the originar .peptide 

sequence for quality control tb.ehsure that the peptide is indeed w we 
have identified a^ the amino acid sequence and that the peptide : is, truly' 
present; only In Infected cells. . We employ these, multiple steps so there Is 
no doubt that the sequence is truly what we claim it to.be before we move 
on to downstream applications invoivihig the peptide ^ 

Ihitially, we deterhnine that th6' peptide is" truly upregulated . or. present 
only in infected cells, ffor the reticulocalbin peptide, vye determined that this 
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peptide was probably only present in infected cells. In' order to make certain 
that the peptide was truly abisent in the uninfected cells and that there was 
no chance that our RP-HPLC fractionation had differed (remembering that we 
use. internal controls for our fractionation as well) we generated ion spectra 
using MS from the fractions beforie and after the one in which we identified 
the peptide. In the case of the reticu local bin peptide, we identified the 
peptide in fraction 30, so we. perforrhed MS on fractions 29 and 31 (FIG. 16) 
Ih FIG.: 16, it can be. seen that there is ho substantial peak at the m/z 
484.72. This indicated that tli ere was not differential fractionation and that 
the peptide truly was absient from Uninfected cellsJ^ case that there 

was a peptide peak in one of the before or after fractions; we would then turn 
to MS/MS to, deterniine whether this peak represented the ion we were 
characterizing, or another ion with. the same mass-to-chargje ratio. 

After determining that the pisptide is not present in another/fraction, 
MS/MS was preformed on the sarne nn/z in the uninfected spectrum (in the 
same fraction) in order to concluslyibiy prove that there is no, peptide present . 
vyith the same sequence in the unirifeicted cells. In Flis; 17!ohe can see that: 
the^ fragmentation, patterns produced under identical MS coilision cbndi^^^^ 
are totally different. This Illustrates the absence of the reticulocalbin peptide 
; in the uninfected cells. . 

Finally, in . order to cbncluislvely prove that the peptide sequence is the 
sarhe as v that originally identified,^^* w^^^ synthetic peptides 

consisting of the same amino acids as the peptide sequence jdentiiRed from 
the MS/MS fragmentatidh p For the rjeticulp^albih peptide (i.e. the ion , 

in fraction 30 /at 484. 72) we. synthesized .:t^^ -^We 
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then took this peptide and did MS/iyiS on the peptide under identical 
conditions, as previousiy used. FIG, 18 illustrates tlie spectrum generated 
from MS/IAS of the endogenously loaded reticulocalbin peptide, Matching 
spectra, as seen here, are indicators that this peptide sequence is 
GPRTAALGLL as almost every amino acid combination vyill generate a 
completely different" set of fragments, both in "terms 6f production of 
fragments and in terms of intensity of those fragments present. FIG. 18 
shows the MS/MS endogenous and synthetic ''GPRTAALGLL" peptide under 
identical collision conditions. As can be seen/ the MS/MS graphs are virtually 
identical. 

In iaccordahce with the present invention, one peptide ligand (Le. 
"GPRTAALGLL") has been Identified as being presented by the 6*0702 class. 
I MHC PrtolieGule in cells infected with the HlV MN-1 virus but not in uninfected 
cells. As one of ordinary skill in the art can appreciate the novelty aind 
usefulness of the present methodology in directly identifying such peptide 
ligands and the importance such identification has fbrfjumero therapeutic 
. (yaccine - developnieht, drug targeting)^, and diagnostic topis. - As such, 
nunierous other peptide; ligands have been uniquely identified in cells 
infected with HIV MN-1 (as opposed to uninfected celis_ and these results 
are summarized in TABLE VIL ' One of ordinary sicijl in . the art giyen the 
present specificatipn would be fully enabled to ideritifV the '-GPRTM 
peptide ligand; as well as o.ther uniquely presented peptide Ifgarids found in : 
cells'. infected with a nriicroorganism of interest and/or t*umor{giBrtlc pe|ls. 

As stated above; TABI_e Vii identifies the sequences of peptide ligands 
identified to date as being unique to Hiy infected cells^ Class I sHLA 6*0702 
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was harv^ested for T cells infected and not infected with HIV. Peptide ligands 
were eluted from 6*070.2 and comparatively mapped on a mass spectrometer 
so that ions unique to infected celjs were apparent. Ions unique to infected 
ceils (and one ligand unique to uninfected cells) were subjected to masS' 
spectrornetric fragmentation for peptide' sequencing. .Column 1 indicates the 
ion selected for sequencing, column .2 is the HPLC fraction/ column 3 is the 
peptide sequence, column 4 is the predicted molecular weight, column 5 is 
the nrioleGui^r weight we found, colurnn 6 is the source protein for the epitope 
sequenced, column 7 is where the epitope starts In the sequence of the ^ 
source protein, column 8 is the. accession nurnber, and column 9 is a 
descriptor, which' briefly indicates what , is known of that epitope and/or its 
source protein. 

The methodology used :hereln is ^to-use sH LA to determine what^ is 
unique to Unhealthy ceiMs as compared to healthy tel|Si Using sHL7\ to survey . 
the contents of a ceil provides a look at what iis unique to unhealthy cells; In 
terms of proteins that are processed into peptides. T^ABLE; VII shows the 
utility . 6f the method, described herem for discovering epitopes and their 
source proteins which are unique to HIV infectied cells. A detailed deseriptioh 
of the peptide from Reticulocalbin is provided hereinabove. The other 
Epitopes and corresponding source: proteins described in TABLE Vll v/ere 
processed in' the sanie manner asi the reticulocalbin epitope and source 
protein were r- i.e. as described herein above: The data summarized in TABLE 
VII shpwis that the epitope disiGovery UcHhique described herein is capable 
of identifying' ;sHl-A bound epitblDes and their' corresponding source proteins : 
Which are unique to infected/unHealthy cells. 
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Likewise, and as Is shown in TABLE VII, peptide ligands. presented in 
individual class I MHC nniolecules in an uninfected cell that are not presented 
by individual class I MHC molecules in an uninfected cell can also 
identlfjed; The peptide ^'GSHSMRY'^, for exanriple, was identified by the, 
method of the present Invention as being an individual class I MHC molecule 
which is presented in an uninfected cell but not in an infected cell. / 

The utility of this data is at least threefold. Rr Iridicates 
what comes out of the cell with H LA. Such data can be used to target CTL to 
uhheialthy; cells. Second, antibodies can be targeted . to specifically recognize 
HLA molecules carrying the ligand. described^ Third, realization of the source 
protein can lead to therapies and diagnostics which target th^ source proteiri. 
Thus, an epitope unii^ue to; unhealthy cells . also indicate? that the. sbMrce 
protein ls uniqlie in the unhealthy cell;; 

The methods of epitope discovery and comparative ligand niapping ' 
described herein are not limited to cells infected by a microorganism such as 
HIV. Unhealthy ceite: analyzed, by the epi^^^ discovery process described 
vherein cah arisp from Virus infeictioifi' qr also cancerous tran^fdrmatioh. In 
addition, the status of ah unhealthy qell can also be miniicked by transfectlng 
a particular gene known to be expressed during viral infection or tumor 
formation. For exarinple, particuiar ^g '"^ a: cell 

line as described XAchoUry A., et al.,,Albs Res Hum Retroviruses, 1994. 10(1): 
p: 19-25; and Chiba> M:, et al,, CTL; Arch^V(rol^ 1999,^ 144(8) : p: 1469-85; all 
of which are expressily incorporate^^ thei epitope 

discovery' process performed, tp identify hoy^ the expression of the trarisferred 
gene nrib^ifies. epitope presentaH by sHLA. in a simile fashion, geneis 
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known to be upregulated during cancer (Smithy E.S., et al., Nat Med; 2001 . 7(8): p. 967-72, 
which is expressly incorporated herein by reference) can be transferred in cells with sHLA and 
epitope discovery then completed. Thus, epitope discovery with sHL A as described herein can be 
completed ori cells infected with intact pathogens, cancerous cells or cell lines, or cells into 
which a particular cancer, viral, or bacterial gene has been transferred, hi all these mstai?ces the. 
sHLA described here will provide a means for detecting what changes in temis of epitope 
presentation and the. source proteins for. the ^itopes. 

: Thusi in iiccordOTce vvdth the present mvention, t^^ 
for epitope discovery and cornparative ligand mapping which includes methodology for 
producing and manipulating Class I and Class H MHC molecules from gDNA that fully satisfies ■ 
the objectives and advantages set forth herein above. Although the invention has been described 
in cbiijunction wdth the specific drawings, experimentation, results and language set forth herein 
above, it is evident that many alternatives, niodifications, and variations will be apparent to thoise 
skilled in the art. Accordingly, it is intended to embrace all such alternatives, modifications and 
variations that fall within the spirit and broad scope of ^e invention. 

All of the numerical and quantitative mea^iure;ments set forth in this application 
(including. in the examples and in the claims) are apprpximations. 

The invention illustratively disclosed or claimed herein suitably may be practiced in the 
absence of any demerit which is not specifically disclosed or clairned herein. TTius, the invention 
may comprise, consist of,' or consist essentially of the elements disclosed or claimed iiereiii. 

The following clainiis ^e entitled to the broa:dest possible scope consistent with this . . 
at)pIication^ The claims shall not necessarily be limited to. the prefeirred emboidiments or to the 
embodiments shown iii the examples. 



SUBSTITUTE SHEET (RULE 26) 



wo 02/30964 



73 



PCTAUSOl/31931 



What IS claimed Is : 

1; A method of isoiating peptide* ligands for an" individual class I molecule, 
comprising the steps of:" 

providing a ceil I line containing a construct that encod.es an individual 
soluble class I nnolecule, the cell line: being able to naturally 
process proteins into peptide jigands capable, of ^being. loaded into- 
antigen binding. grooves of dass: I molecules; 
culturihg the cell line under condiHons which allow for expression of the 
indiyidujal soluble class I molecules frbm the construct, such- 
conditions, aisp aUowing for endogenous, loading of a peptide 
ligand into the antigen binding groove; of each individual soluble 
class I molecule prior to secretion of the individual sdluble class 
. I molecules from the cell; 

isolating the secreted individual: soluble class I molecules having the 
endogenous.ly loaded peptide ligands bound thereto; and 

separating the peptide ligands from th^ individual soluble class I 
molecules. 

2. , The method of claim 1 Wherein,; in the step of providing ai;:C^^ 
containing a construct that encodes an individual soluble class t rnolecule, 
the construct further encodes a tag which is attached -to the indlviduai soluble 
class I nhplecule ^hd aids in Isolating the indiyiduaj sdluble class I molecule, : 

3. . The, method of daipri 2, wherein the tag. is selected froni the group ' 
consisting of a HIS tail and a FLA^ 

4; The.metho.c^iof claim' 1 wherein, in the step of providing a cell line, the cell 
line.is class I negative. 
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5. The method of claim 1 wherein, in the step of providing a cell line, the cell 
line expresses endogenous class I molecules; 

' 6. The method of claim 1 wherein; in the step of providing a cell line/ the cell 
line is infected With at ..least one of -a microorganism> a gene from a 
microorganism; or a tumor gene. 

7. The niethbd of claim 6 wherein, the eel i line ts infected with HIV: 

b. I ne methoa of claim l wherein, in the step of providing a cell line, the cell 
line is transfornried such that the cell line Is a tumpr cell line. 

9. The method of claim 1 wherein. In the step, of providing a cell line 
containing a construct that encodes , an Individual soluble class I molecule, 
the cell line containing the, construrt that encodes^^ individual soluble class 
I molecule is-produced by a method comprising the.st^ps of: 

obtaining genomic DNA or cDNA encoding at least one class I molecule; 
identifying an allele encoding, an inclivldual/.das^^ the 

genohnic piSlA or cDNA; 
PCR amplifying the 'aijele encoding the iridividual class I niolecute in a 
locus specifjlc manner such that a PCR product producfed therefrom' 
encodes a truncated, soluble form .of the Jndividuar^^ 
nr)b|ecLj|e; 

cloriingVthe PCR product into an expressiph vector, there a 
construct that encodes t^ individual sojuble class I riholecuje; 
and 

transfecting the construct Into a cell line. 
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10. The method of claim 9 wherein. In the step of providing a cell line 
containing a construct that encodes an individual soluble class I molecule, 
the construct further encodes a tag which is attached to the soluble class I 
molecule and aids in isolating the individual soluble class I molecule. . 

11. The method of claim 10, wherein the tag is selected fronri the group 
consisting of a HIS tail and . a FLAG tall. 

12. The olethod of claim 10;. wherein the tag is encoded by a PGR primer 
utilized In the step of PCk amplifying the allele encoding the individual class 
I niolecule. 

13. The method of claim 10, wherein the tag is encoded by the expression 
vector into" which the pCR product is cloned; 

14. The metliod of dainri 1, further comprisingv the step of identifying the 
peptide ligand. 

15.,: The method of daim^^Vl^ further -comprising the step of identifying a 
source protein from which the peptide ligahd was obtained. 

16. A peptide iigand for an individual class I molecule isdiated by a;meth6d 

comprising the steps of : 

providing a cell line containing ai coristriict that encodes an individual '\ 
soivible class I molecule, the cell line being able ^^^^^^^ 
process proteins into peptide ligands capable of being loaded into 
antigen binding grooves of class j . molecules; ; 
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culturing the cell line under conditions which allow for expression of the 
individual soluble class I molecules from the * construct, such 
conditions also allowing for endogenous , loading of a peptide 
ligand into the antigen binding groove of each individual soluble 
\ ; class I nriolecule prior to secretion of* the individual soluble class 
I'moiecules from the cell; 
isolating the secreted individual solutple class I nioleicules haying the 
. , : e^ 

separating the peptide ligands from the individual soluble da^^^ I 
molecules. . . ; / 

17. A peptide ligand for an individual class I molecule comprising SEQ ID 

NO:29. . '•'■'■[ : ^ ' 

18. The peptide ligand of claim 17, Wherein the peptide ligand is obtained 
from Hiy-1 MN, ENV. . . - - * 

19. A peptide; ligand for ah individual class I molecule eorhpHsing /SEQ ID 

20. The peptide: ligand of claim 1?, wherein the peptide ligahd. is dbfeaihed 
from Cholinergic Receptor, AljDha-3 Poly^ ' ■ 

,21. A pefitide ligand for an indiviflual class I molecule comprising SEQ ID 

■.iMO:3i,*^; ■ '**'■ ■'■^'^V:;; ■ '-^ ■ 

22. The peptide ligand of claim 21, wherein; the peptid obtained 
from Ubiqullrin-Sp^cific: Protease. :^ : . ' ^ ^ ' ; > ' • . * 
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23. A peptide ligand for an individual class I niolecule comprising SEQ ID 
NO:32. ' 

24. The peptide ligand of claim 23, wherein the peptide ligand . is. obtained 
fronn 3-Associated Transcript Protein 3 (BAT3). 

25. A peptide ligand. for an individual class I molecule comprising SEQ ID 
NO: 33* 

26. The peptide ligand of claim 25, wherein the peptide IJgand is obtained 
from HLA-B Heavy. Chain Leader Sequence. 

27. A peptide ligand for an individual class I nndiecule comprisi^^ 
NQ:34. 

28. A peptide ligand for an individual class J nnolecule corhprising SEQ ID 
NO: 35. 

29. /; jThe peptide; ligahd thet peptide ligand js- obtained, 
from RNA Polynierase H-Poly peptide A.; 

,30.; A peptide ligand for an individuardass I * molecule, c SEQ ID 

NO:36. 

. 31. The peptide Ifgand of claim 30, wherein , the peptide ligand is. obtained 
from EUK, Translation Ihttiation Factor 
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32. A peptide ligand for an individual class I molecule comprising SEQ ID 
MO:37. 

33. The peptide ligand of claim 32, wherein the , peptide ligand is obtained 
from SPARC- 1 Like Protein. 

34. A pepticfe ligand for an Individual class I mpjecuie cohhprlsing SEQ ID 
NO:38; 

35: The peptide ligand of claim 34/ wherein the peptide ligand is obtained 
from Tenascin-rC. 

36. A peptide ligand for an individual class I molecule comprising SEQ ID 
NO:39. 

37. The peptide ligand of claim 36/ wherein the peptide ligand is obtained 
from Polypyrimidine Tract-Binding Protein 1. 

38: A peptide; ligand for ah ipdividual clbss I molecule Gomprislhg SEQ 'ID : > 
Np:40.* 

39. The peptide ligand of cla|m 38/ wherein the peptide llgahd is obtained, 
from RetiGU local bin/ 

40. A peptide ligand for an Individual class .1 molecule comprising SEQ ID 
l\i'0:41. 
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41. The peptide ligand of claim 40, wherein the pepticle ligand is obtained 
from ELAV (HuR): 

42.. A method for identifyinig at least one endbgenously loaded peptide 
ligand that distinguishes an infected, cell from an uninfected cell, comprising 
the steps of: 

providing ah uninfected cell line containing a construct that encodes an 
individual soluble class I molecule, the aninfected cell line being 
able to haturaily, proces^ proteins into peptide ligands capable of 
being loaded into antigen binding grooves of class I molecules;- 

infecting a portion of the uninfected cell llne with at least one. of a 
microorganism, a gene; from a- nnicrborganism or a tumor gene, 
thereby providing ari Infected cell line; . ' 

culturing- the uninfected ,ce|l line and the infected celt line under 
.conditions which. aiid.W for expression, of Individual soluble claiss: 
I molecules from the construct, such, conditions also allowing for 
endogenous loading of a peptide ligand, in. the antigen binding 
groove of each* individual - soluble class I molecule prior to 
secretion of the individual soluble dass. I molecules from the cell; 
• feolating the secrieted individual soluble class I molecules having the 
eridogeriously loaded peptide ligands bound thereto frb.rh . the 
uninfected cell line arid the infected c^ll line;: ^ 
■: separating the endogenously lOjaded peptide Jigahds-fronri the individual 
soluble class 1 mQlfeciJleis^^^f the unihfected , cell line, and 
separating the . end60eh6u loaded peptide ligands from thei- 
individual soiuble ci,as3 I molecu from the infected cell line;, 
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isolating the endogenously loaded peptide ligands from the uninfected 
cell line and. the endogenously loaded peptide ligands, from the 
infected cell line; 

comparing the endogenously loaded peptide ligands Isolated from the 

infected cell line to the endogenously loaded peptide ligands 

isolated from the uninfected cell line; and 
identifying at least one endogenously loaded peptide ligand presented 

by the individual soluble class I molecule cin the infected cell line 
; that Is not presented by the individual soluble class I molecule 

on the uninfected cell line. 

43. The method of claim 42 wherein, In the step of providing ah uninfected 
cell line containing a cohistruct , that encodes an individual soluble class I 
molecule, the . construct - further 'encodes a tag which , is attached to the 
individual soluble class I nrioleculeiand aids in isolating the individual soluble 

. class I molecule. . 

44. The method -bf. claim 42 wherein, the uninfected cell line is class,! 
hegatiyei 

45. .The nriethod of clairn 42 wherein, the uninfetted cell line expresises 
endogenous class i rholecules. 

46. The method of ciairri 42 wherein, in the step of .prpviding an uninfected * 
cell, iirie containing a construct that encodes ian individual soluble class T 
molecule; the uninfedied cell Jlhe cbntaihirig the construct that encodes the : 
inidividuar soluble class ! molecule , is. produced by" a method comprising the 
iteps of: 
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obtaining genonriic DNA or cDNA encoding at least one class I molecule; 
identifying an allele encoding an individual class/ i molecule in the 

genomic DNA or cDNA; 
PCR amplifying tlie allele encoding the individual class. I molecule In a 

locus specific nnanner such that a PCR product produced therefrom 

encodes a truncated/ soluble form of .the' .individual, class; i 

molecule; 

cloning the PCR product into an expression yedior,. thereby forming a . 
construct that encodes the individual soluble class I molecule; 
and 

transfecting the conistruct into an uninfected cell line; 

47. The hiethdd of clainri 46 wherein, in the step of providing an uninfected 
cell line containing a construct that encodes an indiyldual soluble class I 
niplecule; the construct further encodes a tag which is; attached to the soluble 
class. I molecule and aids in isolating the. individual soluble class I mdiecuie. 

./48:; .T7ie, method of daihn 47> wherein the tag is seHected fronni the; group 
consisting of a HIS tail and a FLAG:itajl. ; 

49.; The method 6f claim 47/ wherein tiie tag is encoded by a PCR prinrier 
utilized in the step of" PCR: amplifying ah allele encoding the* individual class 
I mojecule. 

50: ;The m claim 47; whe^^ the taig is iencoded by the expression 

vector info which the PCR product is cloned. 
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51. The method of claim 42, further comprising th^ step of identifying a 
source protein from which the at least one endogenpusly loaded peptide 
ligand presented by the individual soluble class I molecule on the infected 
cell line and not presented by the individual soluble class I rnolecule on the 
uninfected cell line is obtained. 

52. The method of claim 42 wherein, in the step of identifying at least one 
endogenously loaded peptide ligand presented by the individual soluble class 
I molecule oh 'the infected cell, line but not on the uninfected cell line, thie at 
least one endogenously loaded peptide ligand is obtained from a protein 
encoded ■ by at least one . of the /microorganism, the gene from a 
microorganism or the tumor gene with which the cell line was infected to form, 
the infected cell line. 

53. The method of claim. 42 wherein' In the step of identifying at least one 
endogenously loaded peptide ligand presented by the individual soluble class 
I molecule oh the infected cell line but not on the uninfected cell line, the at 
least one endogenously' lo'aded peptide ligand is obtained f protein; 
encoded by the uninfected cell lih^ ■ 

54. The niethpd of claim 53, wherein the protein encoded by the uninfected 
cell linei fronri which the at lieast one endogenously loaded peibtide* ligand is 
obtained has iricreased expression in a tumor cell line. 

55. The method of dainrt 42 w^^ trie step pf infecting a . port^ of the 
uninfected cell line, the portion' of , trte, Uhjnfected 'cell line is infected ; with ^ 
HIV. 
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56. A method for identifying at least one endogenously loaded peptide 
llgand that distinguishes an Infected cell from an uninfected cell/ comprising 
the steps of: 

providing an uninfected cell line containing a construct that encodes an. 
individual soluble class I molecule, the uninfected cell line being 
able to naturally process proteins into peptide Jigands capable oif.. 
being loaded into antigen binding grooyes of class I molecules; 

Infecting a portion pf the uninfected ce|! line with at least one of . a 
nriicrporganism, a gene from a microorganism or a tiimor gene, 
thereby providing an Infeicted cell line; 

culturing the uninfected cell line and the infected cell line Under 
conditions which allow for expression of the individual soluble 
ciass I molecules from the construct, such conditions also 
allowing, for endogenous Joadjng of a peptide Hgand into the 
antigen binding groove of each individual soluble class I molecule: 
prion.tp'secretloh of the; individual soluble clas^ I molecules from 
the cell; 

isolating the . secreted individual soluble class, I molecules: haying . the 

endogenously loaded .peiptlde ;ligands bound thereto fro nri the 

uninfected cell line and the i^nfected cell llnei; 
separating the endogenously loaded peptide ligands from'the Indlvidua! 

soluble class I molecules frpiri the uninfected celL line., and 
' separating the endogenously loaded peptide ligands from, the 

Individual'solublei class I molecules from the Infected cell line; 
isolating the endogenously loaded peptide ligands from the uninfected 
l/celi. line ^rid; the ehdogenously: Im peptide ligands frorh thei 

Infected ceil line; 
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comparing the endogenbusly loaded peptide ligands isolated from the 
uninfected cell jine to the ehdogenously loaded peptide ligands 
isolated from the infected cell line; and 

identifying at least one endogenously loaded peptide ligand presented 
by the individual soluble class I Tnolecule.on the uninfected cell 
line that is hot presented by the individual soluble class I 
molecule on the infected cell line. 

57. The rriethod of clairh 56 wherein, in the step of providing an uninfected 
cell line contaihlng a construct that encodes an iridividujal soluble class I 
nridleeule, the construct further encodes a tag yvhich is attached to the 
individual soluble class I molecule and aids in' isolating the individual soluble 
class I molecule. 

58- The nriethqd of dajm - 56, wherein the unlhfected cell line is class I " 
hegative.. 

59. The method of claim 56,. wherein the uninfected cell line expresses 
endogenous class I rnblecules: 

60- The methbd of claim ,56 wnerein, >in tne step or providing an uninfected 
cell line, containing a construct that, encodes ah individual, soluble , class .1 
molecule, the uninfected cell line containihg the construct that encodes the; . 
individual soluble class I molecule is^ prbduiired by a method comprising the 
steps of ; . 

obtaining gehbmjc DNA. or I molecule; 

identifying an allele ..ehcoding|' .an; ihdiS/idual class I molecuie In, thie 
genomic DNA or dDNA: 
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PCR amplifying the allele encoding the individual class r molecule in a 
locus specific mannei- such that a PCR procJuct produced therefrom 
encodes a truncated, soluble form of the indiNddual class I 
molecule; 

cloning the PCR product into an expression vector, thereby forming a 
construct that encodes the. individual soluble, class I molecule; 
and; ' ;'\ 
transfecting the construct jnto ah. uninfected e 

61. The nnethod of claini 60 wherein, in the step oiF providing an uninfected 
ceil line containing a construct that encodes an indiyic^ual soluble class I 
molecule, the; construct further encodes a tag which is attached to the 
indiviidual soluble class r molecule and aids in isolating the individual soluble 
class I molecule. \ : ■ 

62. The method of claim 61, wherein the tag Js selected frorii the group 
consisting of a HIS tail and a FLAG tail. 

63. The method of claim :61, wherein the. tag is encoded by a PCR primer' 
utilized in the step of PCR amplifying the alleje encoding the Individual class 

'I mojecule.. .■, * • . 

64. The rinethbd of claim 62 vyherein; the tag is esncoded by- the expression 
vector Into which the PCR product is' cloned, ' ' ' , 

65. The hnethpd of claimi; 56^^ further confiprising the ^step^ a 
source protein from which the at leaiSt' one endogenouslyMoaded peptide 
iigand presented by the Individual soluble class I nriolec pn the uninfected 
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cell line and not presented by the individual soluble class I nnolecule on the 
infected cell line. is obtained. 

66. The method of claim 56 wherein, in the step of infecting a portion of the 
uninfected qell line; the portion of the uninfected cell line is infected vyith* 
HIV: 

67. Ah endogenously loaded peptide ligand presented by an individual class; 
I molecule on an infected cell but. not on an unlrifected cell. . 

68. . The endogenously loaded peptide ligand of claihn 67, wherein the 
endogenously ioaded peptide ligand comprises SEQ ID fNiO:29: 

69. ; The endogenously loaded' peptide ligand of claim.' 67, wherein the. 
^ndogehpusly loaded pepOde ligand conriprlsies SEQ ID l\|O:30- 

70. The endogenously loaded peptide ligand of clainh 67, wherein the 
endogenously loaded peptide ligand comprises SEQ ID. NO:.31. 

71- The endogenously loaded peptide; ligand of clairTi 67, wherein the; 
endogehouisly. loaded peptide ligand conriprises SEQ ID NO:32. ■ 

72y, - , The\ endpgenously loaded peptide ' ligand of daini 67, whereip'^^ 
endogenousiy toaded peptide llgahd conriprises SEQ Ip - NO : 33 . 

73. The endogenously ibade^^ peptide ligand pf claim 67, . wherein the . 
eiidbigenously loaded peptide ligand corhprtses S^Q ID l\IO:34;. 
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74. The endogenously loaded peptide ligand of claim 67, wherein the; 
endogenously loaded peptide ligand comprises .SEQ ID NO:35. 

75. The endogenously loaded peptide ligand of claini 67, wherein the. 
endogenously loaded peptide ligand comprises SEQID NO: 36. 

76. The endogenously loaded peptide ligand. of claim 67, wherein the 
endogenously Ibaded peptide ligand comprise?; SEQ ID Np:37" 

77. The endogenously loaded peptide ligand of claim 67, wherein the 
endogenously loaded peptide ligand comprises SEQ ID Nd:38. 

78. : The : endog^hpusly/ loaded peptide ligand of clairti . 67; wherein, the ; 
endogenously loaded peiptide ligand cbmprises SEQ ID NQ:39. 

79.. The ehdogenb.usly . loaded , peptide ligand of daihni 67, wherein the 
endogenously loaded peptide ligand comprises SEQ ID NO;40. 

SO. ; The endogenously" 'b^ .peptide ligand: of; -claiiri 67,- wherein the. 
endogenously loaded pepft ligand comprises SEQ lb.N6':4i:. 

81, A self protein capable of being naturally processed into at least one 
peptide fragment,- wherein the at least one peptide fragijieht is endogehbiisly 
loaded !n and jDresented a class I molecule on ah infected cell. 

82. the self prb^^^ 81 wherein the at 1^ fragment : 
is hot endogenously. loaded jn ..and presented , by;- a class I molecule :oh . an 
uninfected cell. 
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83. A peptide ligahd presented by an individual class I molecule on an 
infected cell but not on an uninfected cell, the peptide ligand identified by a 
method cbnnprising.the steps of: 

providing an uninfected cell line containing a construct that encodes an 
individual soluble class I molecule, the cell line being able to 
naturally process proteins Into peptide ligands capable of being 
loaded into antigen binding grooves of class I mpiecules; 
infecting a portion of . the uninfected cell line yyith at least one of a 
microorganism/ a gene from a nriicroorganlsm or a tumor gene, 
thereby providing an infected cell line; 
culturihg the uninfected cell line and the infected cell line under 
conditions which .allow for expression of the individual soluble 
class I molecules from the construct, .such: conditions also 
aliowing for endogenous loading of a peptide ligand iii the 
antigen binding groove of each indiyiduai soluble class I molecuje 
prior to secretion of the individual isoluble class I. molecules from 
the cell; ; 

isolating the secreted individual SQluble class i molecules having the 
eridogenqusiy loaded peptide ligands bound thereto, from 
uninfected cell line and the infected ceil line; 

separating the ehdogenously loaded peptide ligands from tlie individual 
soluble class I molecules from" the uhinfected cell and the 
endbgenously Ipaded peptide ligands from the indiyiduar soluble 
ql^ss I nnoleculesTrom the infected cell^ 

isolatiriS the endogeinously loaded peptide ligands from the uninfected 
- cell line and the endogenously . loaded peptW^ ligands from the 
infected cell line;; • 
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comparing the endpgenously loaded peptide ligands isolated from the 
infected cell line to the endogenously loaded peptide. Ifgands 
jsolated fronri the uninfected cell lihe; and . . 

identifying, at least one. endogenously loaded peptide ligand presented 
by the individual spluble class I molecule on the infected cell line 
that is not presented by tlie individual' soluble class I molecule 
on the uninfected cell line. 

84. y the peptide ligand of claim 83 wherein, in the step of providing an 
uninfected cell line containing a construct that encodes an Individual soluble 
Class' I /molecule; the uninfected cell, line coritalnihg the construct- that 
encodes the individiial soluble class ,1 . molecule is produced by a method 
comprising the steps of : 

obtaihihg.genoniic DNA 'or cDNA encoding at least one class l molecule; 
identifying an allele encoding an ' iridividual class, i .mplecule: in the 

genomic DNA or cDNA; . . . 
• PGR anriplifyihg the allele encoding the. individual class I molecule in a 
■ locus specific manner such that aPGR product produced therefrom 
- ; ^ encodes a truncated, ^^solublei forrn of ..the individual . .class 1; 

■• hniplecule; V ."" 
cloning the^ PGR product into an expression vertdr, thereby fprming a 
, ,^ construct that encodes the individual soluble class I nioiecule; 

' : ."'and'.- ■ \ i\\ ■•: ' . ' ' ^' 

transfecting the construct into an uninfected cell line. 

85. The pep^^ of dajm 84, wherdn the construct furtheriehcpdes a 
tag w^^^^ to the ihdiyidual s^^^ class I nibiecule; arid aids in 
jspiatihg the individual soluW i mbiecule. ; ' . . , 
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86. The peptide ligand of claim 85, wherein, the tag Is selected from the 
group consisting of a HIS tail and a FU\G tail. 

87. The peptide ligand of claim 85, wherein the tag Is encoded by a PGR 
primer utilized in the step of PGR amplifVing the allele, encoding the 
individuar class I molecule. 

88. The peptidie ligand of claim 85, wherein the tag is encoded by the 
expresisioh vector into which the PGR product is cloned. 

89: the pieptide ligand of claim 83, wherein the at least one endogenously 
loaded peptide ligand Is, obtained from a protein encoded by at least one of 
the microorganism, the gene from the microorganism or the,tumbr geiie with 
which the portion of the uninfected cell line is infected to form the infected 
cell line- 
go. The peptide (iga'nd of claim 83, yvherein the at; least one endogenously 
loaded peptide ligand Is obtained from a protein encoded by the uninfected 
cell line; 

91. The peptide ligand of claim 83, wherein the pprtibn, of the uninfected cell 
line is infected with HlV. 

92- A source prpteih from which the peptide ligand bfclairri 83 ^i obtained. 

93. A peptide ligand . endogenously loajded'i^^^ an individual class I rnoliecule 
and presented by the individual class i molecule on an uninfected cell. • 
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94. The peptide ligand of claim 93 Wherein the peptide ligand is not 
endogenously loaded in the individual class I molecule and presented by the 
individual class I nnolecule on an infected cell. 

95;. A self , protein capable of being processed injto at least one peptide 
fragment, wherein the at least one peptide fragment is endogenously loaded 
jn an individual clasis I molecule and presented by the individual class I 
molecule pn an uninfected cell. 

96. The self protein of claim 95 wherein the at least one peptide fragrhent 
is not iendogenpusly loaded in. the individual class I hfidlecule and preseinted 
by the individual class I molecule on an infected cell. 

97. A peptide ligand endogehqusly loaded in an individual class J molecule 
and presented by the Individual class I molecule on an uninfected cell but hot 
on an infected cell, the peptide ligand identified by a method comprising the 
steps of: 

providing an uninfected celj. line containing a construct that encodes an 
individual soluble class I molecule,: the Uninfected cell line, being 
able to naturally process proteins into peptide ligands capable of 
being loaded into antigen binding grooves of class I molecules; 

infecting a portion of the uninfected cdll line with at least one' of a - 
microorganism/- a gene from a microorganisrin or a; tumor gene, 
thereby, providing, an infected cell, line; . 

culturing the uninfected cell, line /and ^^^t^ under 
conditions ' Which, an for expression of the incliyldua! -soluble 
clqss I moieeUleis, such conditidhs also alloyvihg for ehdbgehous 
loading of a peotide llaahd' in the aritlaen bindind aroove of ieach. 
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individual soluble, class I molecule prior to secretion of the 

individual soluble class I molecules. from the cell; 
Isolating the secreted individual soluble class I molecules having the 

endbgenously loaded peptide ligands bound thereto from the 
' uninfected cell line and the Infected cell line; 
separating the'endogenously ioade.d peptide ligands from the individual 

soluble class I molecules froni the uninfected cell line and the 

infected cell line; 

isolating the endogehously loaded peptide ligands from the, uninfected 
' cell line and the endogenously loaded peptide ligands from the 
infected cell line; . 
comparing the endogenously loaded peptide ligands isolated from the 
uninfected cell line to the endogenously loaded peptide ligands 
Isolated from the infectied cell line; and' 
identifying at least one endogenously loaded peptide ligand presented 
, by the individual so molecule . on the uninfected cell 

line that is not presented by the individual soluble class I 
• molecule oh. the infected cell llhie. 

98. The peptide iigahd. of claim 97 wherein the construct further encodes a 
tag which is attached to the individual soluble* class I molecule and aids In 
isolating the individual soluble class ! moleciile. 

99: Thje peptide ligand of claim 97 wherein the uninfected celj line containing 
the construct that encodes the individual soluble class I Vholecule is produc^^ 
by a method,c6nnprising th^ steps.of: *; 

obtaining gehbmic DNA or cDNA encoding at least one class I nriolecule; 
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Identifying an allele encoding an individual class I molecule in the 

genomic DNA or cDNA; 
PCR amplifying the allele encoding the individual class I hnoleeule in a 

locus specific manner such that a PCR product produced therefrom 

encodes a truncated, soluble form, of the individual, class I 

molecule; 

cloning the. PCR product into an exfDression yector, thiereby forming a 
construct that encodes an individual soluble class I mplecute; and 
transfecting the construct Into an uninfected cell line. 

100. the peptide ligand of clainii 99; wherein the construct further encodes 
a tag Avhich is attached to the individual soluble class I mptecule and aids in 

. isolating the individual soluble dass I molecule.. 

101. The peptide ligand of claim. 99, wherein the taig is selected from the 
group consisting of a. HIS tail and a FLAG tail; 

102. The peptide ligand of claim 99> wherein the tag is encoded by a PCl^ 
. prihner utilized in the step of PCR amplifying an aileie:encGding the individual 

class I molecule- . 

103. The method of claim 99, wherein the tag is encoded by the expression 
vector into which the PCR product is cloned. 

104. ^ A source protein from which the peptide ligand of claim 97 is obtained;' 

105. A metliod for identifying, a self protefh that lis processed into at least 
one peptide fraqment, wherein the at least dne oeotide fraomeht is 



SUBSTITUTE SHEET (RULE 26) 



wo 02/30964 



94 



PCT/USOl/31931 



endogenously loaded in an individual class I molecule arid presented by the 
individual class I molecule on an infected cell but not on an uninfected cell, 
the method comprising the steps of: 

providing an uninfected cell line containing a construct that.encodes an 
Individual soluble class I. molecule, the, uninfected cell line being 
able to naturally process proteins into peptide llgands capable of 
being loaded into antigen binding grooves, of class I molecules; 

infecting a , portion of the uninfected cell line with at least one of a. 
microorganism, a genei fronri a microorganism or ia tumor gene, 
thereby providing ah infected cell line; v 

cUlturirig\ the uninfected cell line and the infected cell . line under ^ 
conditions which allow for expression of the individual soluble 
class I molecules, such conditions also allowing for endogenous, 
loading of a peptide ligahd in the antigen bm of each 

individual soluble class .1 rholecule prior to secretion of the 
indiN/idual soluble class I molecyles from the cell i 

isolating the secreted ;individual: spluble ciasis I molecules having 
endogenously loaded peptide ligands . bound thereto frorn" the 
uninfected cell line and the infected cell llrie; ; 

separating the endogenously loaded peptide ligands from the individual 
soluble class I rpoiecules iFrom the uninfected cell line and the* 
infected cell line; 

isplatihg the endogenously loaded peptide llgands from th;e uninfected 
celt line arid the ehdpgenously loaded peptide ligands fronri the 
infected ceil line; 

■comparing the endogenously loaded pep.tide ligands Isolated from. the 
infected cell, line to the- ehdogenously. Ipa^ 
isolated from the Uninfected cell line: 
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identifying at least one endogenously loaded peptide ligand presented 

by the individual soluble class I molecule on the infected cell line . 

that is not presented by the individual soluble class I nnolecule 

on the uninfected cell line; 
deternhining the source protein from which the at least one 

endogenously loaded peptide ligand is:obtalhed; and 
Identifying the source protein as a self protein If the source protein is 

not encoded by thie nriicroorgahisrh, gene froh^ microorganism or 

tumor gene with which the infected cell line is infected but is 

encoded by the uninfected cell. line. 

.106- /A method for identifying a self protein that is processed into at least 
one peptide fragrrient, wherein the at least one peptide fragment Is 
endogenously loaded in an * individual class I molecule presented by the « 
individual clasis I molecule on an uninfected ceil but not on an infected ceil, ' 
the method comprising the steps of : . 

providing an uninfected cell line cbntalnlhg a construct that encodes an 
individual soluble class I molecule, the uninfected celj line being 
able 'tb_ naturally process proteins into peptide ligands capable of 
being loaded into antigen binding grooves of class I molecules; 
infecting a portion of the uninfected cell line with at least one of a 
microorganism, a gene frorh a .microorganism pr a tumor gene, 
thereby providing an infected cell line; 
culturing the uninfected cell line and the infected cell " line under 
coniditioris which allow for expression of tlie individual soluble, 
.class I molecules, such conditions al^o allowing for enddgehdus . 
loadinig of a peptide ligand In . the antigen, bi groove of each - 



SUBSTITUTE SHEET (RULE 26) 



wo 02/30964 



96 



PCT/USOl/31931 



individual soluble class I molecule prior to secretion of the 
ihdividual soluble class I molecules from the cell; . * ^ . 

Isolating the secreted Individual soluble class I molecules having 
, endog^nously loaded peptide ligands bound thereto from .the 
uninfected cell line and fronn the tnifected cell line; 
• separating the endogehously loaded, peptide ligands from the soluble 
ci^ss I molecules from the uninfected cell line and from, the 
V - /; infected cell line; • ' . / . - . ; ; : 

Isbiating the endogenously loaded peptide ligands from the uninfected 
cell line and the endogenously loaded peptide ligands from the 
infected cell line; . 
comparing the endogenously loaded peptideiligands.isolated from the 
uninfected: cell line to the endogenously loaded p 
Jsolated' from the infected cell li^^^ . . ; 

identifying at least one endogenously loaded peptide . ligand presented 
by the Individuarsoluble class I; molecule on the uhiniFecteid cell 
line that is not presented by tlie indiyidual. soluble class I 
, molecule c^h the infected cell line; and ; ; ; 
determining the source : protein from which; , the at least .. one! 
- - endogenously loaded peptide ligand is obtained, . 

107. A kit for identifying endogenously ' loaded peptide iigands for an 
individual class I molecule, compn^ , 

a cell. ;line containing a construct that ehepdes ari ihdivlduar soluble' 

- d the-ipeir line>capa'bl.e/^ 

; J /proteins into peptide ligandi capable of (?elng loaded Into antigen. 
V . binding, grooves of -plass- 1 molecules such that when the cell line 
' is cultured under, cond^i^^^^ aWow for expression of the 
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individual soluble class I molecule, a peptide ligand is 
endogenously loaded into the antigen binding groove of each 
individual soluble class I moiecufe prior, to secretion of the 
Individual soluble class I molecules from the cell. 

108. The kit of claim 107 wherein the cell line is produced by a rhethod 
"comprising the steps; of: 

obtaining genomic DNA or cDNA encoding at least ohe class I molecule; : 
identifying an allele encoding an individual class I molecule ih the 

genomic DNA or cDNA; 
PGR annplifying the allele encoding the individual class I rnplecule in a 

locus specific manner such that a PGR prbduct produced therefrorh 

encodes a truncated/ soluble form of the individual, class I 

molecule;* 

cloning the PGR proiiuct into an expression vector, thereby forming a 
construct thatrencodes an individual soluble dass.I molecule;-and 
transfecting the construct into ah uninipected cell line, 

109. A method for detecting a disease state, comprising the step of: 
providing means for detecting an endogenously loaded peptide ligand 

in an individual class I molecule, wherein the endogenously 
loaded peptide Jigahd is presented by an individual class I 
molecule on an infected cell but nqt oh an uninfected cell. 

110. The method of claim 109; wherein th^ endogenously loaded Vpeptide 
-ijgand comprises SEQ ID NQ;2gi: 
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111. The method of claim 109, wherein the endogenously loaded peptide 
iigand comprises SEQ ID NO:30; 

112. The method of claim 109, wherein the endogenously loaded peptide 
Iigand comprises SEQ. ID NO.:31. 

113. The method of clainn 109, wherein the endpgehously loaded peptide 
Iigand comprises SEQ ID NO:32. . 

114. The method of claim 109> wherein the. endogenously loaded peptide 
Iigand comprises SEQ ID NO: 33. 

115. The rnethod of claim 109, wherein the endogenously loaded peptide 
Iigand comprised SEQ ID rslO:34. 

116. The method* of claim 109, wherein the endogenously loaded peptide . 
Iigand comprlsi^s. SEQ ID NO:35. 

: i:17. The method of clairh. 109, wherein the endogenously 'loaded, peptid 
Iigand cpmpriises SEQ ID NO: 36. 

liis;. The method of claim 109, wherein the endogenously loaded peptide 
Iigand comprises SEQ ID NO:37. 

119. - The method of claini '109, wherein tJie endipgenously loaded peptide 
jigand conhprises SEQ ID. NO:38. 
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120. The method of claim 109, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO:39- 

121. the method of claim 109, wherein the. endogenously loaded peptide 
ligand comprises SEQ ID :NO:40. " 

122. The rpethod of claim. 109, wherein the- endogenously Iqaded peptide 
ligand cdmprises SEQ ID NO:41. 

123. The method of claim 109, vyherein the disease state is HIV infection. 

' 124. A method for detecting a -disease state, conriprising the step of: ' 

providing means for detecting an endogenously loaded peptide ligand 
in an individual dass I molecule, wherein the endogenously.: 
loaded peptide^ ligand is; presented- by the .Individual class I 
molecule on ian uninfected' cell but not on ah infected cell. 

.125. A kit for detecting a disease state, com prisfhg: 

,v :meahs fpr detecting ,^n . endogenously ligand "in -an. 

individual class I molecule, wherein the endogenously loaded 
peptide ligand is presented by the' individual class I molecule on 
an infected ceil but not. on ah uninfected cell; 

126. The nnethod of daim . 125, wherein tfie endogenously loaded peptide 
ligand comprises SEQ" ID .NO : 29. 

127. The niethod of 'claim ■.125, wherein the . endogenously loaded peptide . 
liaand comorises LSEO TD KlOr'^h: 
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128. The method of claim 125, wherein the endpgenously loaded peptide 
ligand comprises SEQ ID NO:31. 

.129. The method of claim 125, wherein the endogenously loaded peptide 
ligand comprises SEQ ID n6:32. 

130- The method of claim 125, wherein the endogenously loaded peptide . 
ligand comprises SEQ ID NO:33- 

131. The method of dainri 125, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO:34. 

132. The method of claim 125, wherein the (endogenously loaded peptide 
ligand cohnprises SEQ ID NO:35, 

133. The method of , claim 125/ wherein the endogienously loaded peptide 
ligand confiprises SEQ ID NO:36. 

135> The method of claim 125; - wherein the endqgehbusly loaded pepti 
ligand comprises SEQ ID isip:37, 

136: The method of claim 125, iyherein the endogenously joaded peptide 
ligand comprises SEQ ID rsio:38. 

137;. the method of claim 125, wherein the endogendiJ§iy loaded peptide 
ligahd cbmprises SEQ ID Np:39. . 
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138. The method of claim 125, wherein the endogenously loaded peptide 
ligand comprises SEQ'ID N0:40. 

139. The method of claim 125, wherein the endogenously loaded peptide 
jigand comprises SEQ ID n6:41. 

140. A kit for detecting a disease state, comprising: 

means for detecting a peptide ligand endogenously loaded in an 
individual clasis I molecule, wherein the peptide- ligand is 
presented by the individual class I molecule on an uninfected cell 
but not on an infected cell. 

141. -A method of identifymg a , motif for endogenously loaded peptide . 
Iigands..presented by;an Individual class.I molecule, cohriprising the s;t0ps of: 

providing /a cell line containing a construct that encodes an individual , 
soluble class I molecule, the pell line being able to naturally 
process proteins into, peptide ligands capable of being loaded into, 
antigen binding grooves of class I.molecules; 
-GUlturing the cen under conditions which allow for express^ 

Individual soluble class .1 molecule from the construct, such 
conditions also allowing for , endogenous loading of the peptide 
ligand into the antigen binding groove. of each individual soluble 
Gigss I molecule prior to secretion of the Individual soluble class 
i molecules from the cell; 
isolating th^ secreted indivlduai soluble class I molecules haying 
endogenously loaded peptide Jigands bound thereto; 
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separating the endogenously loaded peptide! ilgands froni the individual 
soluble class I molecules, thereby forming a pool of endogenously 
loaded peptide llgands; and 

sequencing the pool of endogenously loaded peptide llgands and 
deriving a motif for the endogenously loaded peptide llgands 
based on. dominant occurrences of particular aniiho .acids at 
specific positions of the endogenbusly loaded peptide llgands. 

142: A method of targeting a compound to an infected cell, comprising the 
steps of: 

providing ^n uninfected ceirilne containing a construct. that eneodeis ah 

individual soluble class I molecule, the cell line being able to . 

naturally process proteins into peptide llgands capable of being 

loaded into antigen binding grppyes of class I molecules; 
ihfectlhg a -portion: of such cell line with at least one ^ of a 

microorganism, a gene frorh a microorganism or a turner gene, 

thereby providing ah infected cell line; 
culturihg the, -uninfected ; eel ^ and the ^jnfected cell line under 
. conditions^ which ailbw for expression of the individual soluble 

class I molecule/ such conditions also allowing for endogenous 
■loading of a peptide. ligand in the antigen binding groove of each 

individual soluble class - i prior to secretion, of the 

indiyidual spjubl^ dass I na^^ 
isplating . the ' s , individual soluble class I molecules having 

endogehoUsly loacJed; peptjde ligands bound thereto from the 

uninfected cell line-and the infected cell line; 
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separating the endogendusly loaded peptide ligands from the Individual 
soluble class I molecules from the uninfected cell line and the 
infected cell line; 

. Isolating the endpgenously loaded peptide ligands from the uninfected 
. cell line and the endogehously loaded peptide ligands frohi the 
infected cell line; 

cprnparlhg the endogenously loaded peptide ligand^ Isolated fronri the 
infected cell line to the endogenously. loaded peptide ligands 
: isolated from the uninfected cell line; and 

Identifying at least one endogenously loaded peptide Mgand presented 
by the individual soluble class I molecule oh the infected cell tine 
that Is not presented by the individual soluble class I .molecule 
on the uninfected cell line; and 

targeting a compound to a ceir having. t^ at least one.. endogenously 
loaded peptide I igandv presented by the individual class I 
molecule on a surface of the cell. 

143. The method pf claim 142 wherein, in the'step of targeting a compound 
to a ceH,-the cdrnpouhd ;is .a drug. 

144. Thie method of daim 142 wherein/ in the stepi of targeting a compound 
to a cell, the compound is an antibody. 

145. The method^^^o^ 142 wherein, in the step of targeting a compolind 
to a c6il, the qompound specifically recognizes a complex formed of the at 
leasit one endogenously loaded /peptide ligand and the_ indiy|duai class I 
mbiecuie. 
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146. A method of isolating ligands, comprising the steps of: 
optionally providing a cell line; 
optionallyculturing the cell line; 

isolating mblecules having ISgands bound thereto; and 
pptionaliy separating the ligands from the niolecules. 

147- A ligahd Isolated by a method comprising the steps of : 
Qptionally providing a cell line; 
optionally culturing the cell line; 
isolating molecules having ligands bound thereto; and 
optionally separating the ligands from the molecules. 

148. A method for identify^mg at least one ligand, comprising the steps! of: 
optionally providing a cell line;. 

optionally infecting a portion of the cell iin^; 
optionally culturing the cell line; 

pptlonally Isolatihg rhplecules haying ligands bound thereto; 
optlohaliy separating the Mgands from the molecules; 
optionally isblating the ligands; arid 
identifying at least one ligahd. 

149. A method for identifying at least one ligand, comprising the. steps o^^^ 
oDtiorially providing an uninfected cfeU line; 
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optionally infecting a portion of the uninfected cell line; 

optionally culturing the uninfected cell line and the infected cell line; 
, optionally isolating molecules having ligands bound thereto from the 
uninfected cell line and the Shfected cell line; 

optionally separating theJigands from the^h^ the 
uninfected cell line and iseparating the. ligands from the molecules froni the 
Infected cell line; 

optionally isolating the ligands frorri the uninfected cell line arid the 
ligands from the infected cell line; 

optionally comparing the ligands isolated frorh thai: uninfected cell line 
to the ligands isplated frbrn the infected cell line; and 

identifying at least one ligand* presented by the ririblecule on the 

uninfected ceiriine that is; not presented by the mbleculei on the 
infected cell line. 

150/ A Hgarid presented by an fndlvi class I molecule on an infected cell 
but optionally noton an uninfected cell/ 

151; A protein capable of beiihg^ at least one peptide 

fragrtient, wherein thfe at least one pieptide fragment is jpadjed in and/or 
presented by a class I molecule. 

152. A ligand identified by a method .comprlsl^ the steps of: 
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optionally infecting a portion of the cell line; 
optionally culturing the cell line; 

oiDtionally isolating nnoleeules having ligands bound theret 
optionally separating the ligands from the molecules; 
optionally isolating the ligands; and 
identifying at least one ligand; 

153: A llgand loaded In a nriolecule and. presented 

154: . A protein capable of. being processed intojat least one peptide 
fragment/ wherein the at least one p^ptidie fragrhent Is loaded in an 
individual class ;I molecule and is pptionally presented by the individual class 
I molecule oh ah uninfected cell. 

155. A ligand identified by a method conntpnsing the ste . 

* pptionally providing an unihfected cell line; 

optionally infecting a portion of the uninfected cell line; 

optionally cuituring the uninfected cell line and the ipfected cell line; 

pptionally isolating moiecules having ilgands bound the the 
uninfected cell line and the infected cell line; 

optionally separating the iiti^nds frlpm thie molecules from the 
uninfected cell line and the inferted cell line; i 

optionally isolating the .ligands froiin; the uninfected cell line and the 
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optionally comparing the ligands isolated from the uninfected cell line 
to the ligands isolated from the infected celMine;. and 

identifying at least one peptide ligand presented by the molecule on-, 
the uninfected cell line that is not presented by the molecule on the infected 
"cell line. ... 

156. A method for identifying a self protein Comprising the 

-steps of : • ■ • • 

optionaliy providing a celMlne; : 
optionally infecting a portion of the cell line; 
optionally cultu ring the celiHne; 

optionally isolating molecules having ligands bognd thereto; 
optionally separating the ligands from the molecules; 
optiorially isolating, the ligands; 

opHonally icfenyfying a ^ ■ 

determining a source protein from which the at least one Hgand is 

obtained; and f .'"'•^ ' •: 

optionally identifying the sbiirc^ proltein as the self protein; 

157. A rnethbd for identlfyin^^^ the m^ithod comprising the 

:steps^Qf::' \'' /■* V-.^-- \': '-/'"'^ T'"' • 

optionally providing an uninfected cell line; : • , 

optionally infecting a portion of the uninfe^ cell liriei; . . 
optionally cuituring th6 uninfected cell line and the infected cell line; 
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optionally Isolating molecules having Ifgands bound thereto from the 
uninfected cell line and from the infected cell line; 

optionally seRarating the ligands from the molecules from the 
Uninfected cell line and from the infected cell line; 

optionally Isolating the ligands from the uninfected cell line and the . 
ligands from the Infected cell line; 

bptjonaliy comparing the ligands isolated from the uninfected cell line 
to the; ligands Isolated from the Infected cell line; 

optionally identifying at least one Hgand presented by the molecule on 
the uninfected cell line that is hot presented by the molecule on the Infecteld 
cell line; and 

deterfTilnmg a source protein from which the at least one ligand is .. 
obtained. 

158. A kit for identifying Hgands, comprising: 

a cell line containing a construct that encodes a class I nfioleciileV . 

159/ A method for detecting a disease state, comprising the step of : 
providing means for detecting a jlgand in a molecule^ 

160, .A method for dete^ a disease state, cbmpfisihg the;^^^ 

providing nn^ans for detecting a ligand in; a riiolecule, wherein the 
' iig^ nd optionally fs presented by the: molecule on an uninfected cell but not 
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161. A kit for detecting a disease state> comprising: 
means for detecting a ligand in a rholecule. 

162. A kit for detecting a disease state/ comprising : 

means for detecting a ligand, wherein the ligand optionally is 
presented by an individual class I molecule on an uninfected cell but not on 
an infected celL 

163* A method of identifying a motif for ligands, comprising the steps of : 
optionally providing a cell line; 
optionallY culturihg the cell line; 

optionally Isolating molecules having ligands bound thereto; 
optionally separating the ligands from the molecules, thereby forming 
a pool of ligands; and 

sequencing the pool of ligands and denvinig a motif for the ligands. 

164. A method of targeting a compound to a cell, conhprising. the steps of: 

optionally providing a cell line; 

optionally Infecting a portion of siich c^ll line; 

opbonally culttirihg the cell line; 

optionally isolating rnole^c^ 
ligands; bound thereto; 

optionally separating the ligands frbm the molecules; 
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optionally Identifying at least one ligand; and 

targeting a compound to a cell having the at least one ligand. 
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